630.75  M3 
A  27  rh 
1906 


u 


PUBLIC  DOCUMENT 


No.  33. 


NINETEENTH  ANNUAL  REPORT 


OF  THE 


Massachusetts 
Ageicultueal  Expeeiment  Station. 


January,  1907. 


BOSTON : 

WRIGHT  &  POTTER  PRINTING  CO.,  STATE  PRINTERS, 
18  Post  Office  Square. 
1907. 


Slate  Library  of  Massacousetts, 

OCT  16  1907 
STATE  HOUSE.  BOSTON 


Approved  bv 
The  State  Board  of  Publication. 


CONTENTS. 


PAGE 

Station  organization,   5 

Beport  of  the  director,   7 

The  Adams  act,   7 

Change  hi  the  name  of  the  station,   8 

Changes  in  station  staff,   0 

New  lines  of  work,   10 

Revision  of  mailing  lists,   11 

Work  under  the  Adams  act,   11 

Bulletins  issued,   12 

Reports  and  bulletins  for  distribution,   13 

Reports  of  divisions ;  summaries,   14 

Report  of  the  treasurer,   19 

Report  of  the  meteorologist,   21 

Report  of  the  agrieulturis5;,        .       .    :   .   "-         .  *            .       .       .  23 

Manures  and  fertilizers  furnishing  nitrogen  compared,       ...  26 

The  relative  value  of  muriate  r.nd  high-grade  sulfate  of  potash,        .  SO 

Comparison  of  different  pota-sh  salts  for  field  crops,     ....  33 

Special  fertilizer  y  fertilizer  richer  in  potash,,,  •  «•       •       •       •       •  38 

Manure  a  1- >.ie  v.  manure  and  potash.,           j   43 

Comparison  of  phosphates,   48 

Soil  tests,   50 

Experiment  in  manuring  grass  land,   53 

Experiment  in  the  application  of  manure,   54 

Nitrate  of  soda  for  rowen,   57 

Variety  test,  potatoes,  ,  59 

Poultry  experiments,   60 

Report  of  the  chemist :  fertilizer  section,   65 

Official  inspection  of  commercial  fertilizers,   65 

List  of  licensed  manufacturers  and  dealers,   71 

General  work,   77 

Report  of  the  chemist:  foods  and  feeding  section,   82 

Outline  of  the  year's  work,   83 

Execution  of  the  feed  law,   86 

List  of  creameries  and  milk  depots,   89 

The  testing  of  pure-hred  cows,   90 

The  digestibility  of  cattle  foods,   96 


4 


CONTENTS. 


FAOK 

Report  of  the  botanist,   157 

Outline  of  work   157 

Seed  work,   158 

Prevalence  of  fungi,  etc.,   159 

Bacterial  disease  of  cucumbers,   161 

Bacterial  disease  of  lettuce,   163 

Bacteriosis  of  geraniums,   164 

Tobacco  troubles,   165 

Monilia  on  peach  stem,   166 

Lime  and  sulfur  mixture  as  a  fungicide,   167 

Potato  spraying  experiments,   168 

Copper  sulfate  treatment  of  stagnant  water,   170 

Banding  substances  for  trees,   174 

Effects  of  escaping  illuminating  gas  on  trees,   180 

Germination  and  growth  in  soils  of  different  texture,  .       .       .       .  185 

Texture  of  Massachusetts  soils   l'K) 

Report  of  the  entomologists,   199 

Outline  of  work,  ...........  1<19 

Insects  of  the  year,   204 

Report  of  the  veterinarian,   206 

Report  of  the  horticulturist,   208 

Outline  of  work   208 

Notes  on  mushroom  culturo,   208 


MASSACHUSETTS 
AGRICULTURAL  EXPERIMENT  STATION 


MASSACHUSETTS  AGRICULTURAL  COLLEGE, 

AMHERST,  MASS. 


ORGANIZATION. 
Committee  on  Experiment  Department 

Charles  H.  Preston,  Chairman. 
J.  Lewis  Ellsworth. 
William  H.  Bowker. 
James  Draper. 
Samuel  C.  Damon. 


The  President  of  the  College,  ex 
officio. 

THE    DIRECTOR    OF    THE  STATION,  ex 

officio. 


Charles  A.  Goessmann,  Ph.D 
William  P.  Brooks,  Ph.D., 
George  E.  Stone,  Ph.D.,  . 
Joseph  B.  Lindsey,  Ph.D., 
Charles  H.  Fernald,  Ph.D., 
Frank  A.  Waugh,  M.S.,  . 

J.  E.  OSTRANDER,  C.E., 

Henry  T.  Fernald,  Ph.D., 
James  B.  Paige,  D.V.S.,  . 
Erwin  S.  Fulton,  B.Sc,  . 
Neil  F.  Monahan,  B  Sc.,  . 
Henri  D.  Haskins,  B.Sc, 
Edward  G.  Proulx,  B.Sc, 
E.  Thorndike  Ladd,  B.Sc, 
Edward  B.  Holland,  M.S., 
Philip  H.  Smith,  B.Sc,  . 
Lewell  S.  Walker,  B.Sc, 
William  K.  Hepburn, 
Howard  A.  Parsons, 
Roy  F.  Gaskill,  . 
Charles  P.  Halligan,  B.Sc. 
Edwin  f.  Gaskill,  B.Sc, 
T.  A.  Barry,  .... 


Station  Staff. 

LL.D.,  Honorary  Director  and  Chemist  (fertilizers) . 

.  Director  and  Agriculturist. 

.  Botanist. 

.  Chemist  (foods  and  feeding) . 

.  Entomologist. 

.  Horticulturist. 

.  Meteorologist. 

.  Associate  Entomologist. 

.  Veterinarian. 

.  Assistant  Agriculturist. 

.  Assistant  Botanist. 

.  First  Assistant  Chemist  (fertilizers). 

.  Second  Assistant  Chemist  (fertilizers). 

.  Third  Assistant  Chemist  (fertilizers). 

.  First  Chemist  (foods  and  feeding). 

.  Assistant  Chemist  (foods  and  feeding). 

.  Assistant  Chemist  (foods  and  feeding) . 

.  Inspector  (foods  and  feeding). 

.  Dairy  Tester  (foods  and  feeding). 

.  Assistant  in  Foods  and  Feeding. 

.  Assistant  Horticulturist. 

.  Assistant  Agriculturist. 

.  Observer. 


REPORT  OF  THE  DIRECTOR. 


During  the  past  year  the  work  of  the  station  has  for  the 
most  part  followed  the  usual  lines,  but  an  important  change 
in  policy,  as  affecting  college  and  station,  should  be  noted. 
Early  last  year  it  was  voted  by  the  Board  of  Trustees  to  sep- 
arate the  administrative  duties  of  the  presidency  of  the  col- 
lege and  the  directorship  of  the  station,  and  a  director  was 
elected.  The  station,  it  will  be  remembered,  is  a  department 
of  the  college,  and  the  director,  therefore,  is  responsible  to 
the  president.  He  is  made  ex  officio  a  member  of  the  com- 
mittee of  the  Board  of  Trustees  on  the  experiment  depart- 
ment, without  vote.  Although  this  change,  as  stated,  was 
voted  early  last  year,  it  did  not  become  practically  operative 
until  early  in  July,  for  up  to  that  time  the  director-elect  served 
as  acting  president  of  the  college  as  well  as  director,  so  that 
his  time  and  energies  Avere  divided. 

The  Adams  Act. 

The  past  year  has  been  rendered  notable  in  station  history 
by  the  passage  of  the  Adams  act,  granting  additional  appro- 
priations to  all  the  agricultural  experiment  stations  of  the 
country.  This  act  takes  its  name  from  the  late  Hon.  H.  C. 
Adams  of  Wisconsin,  who  labored  long  and  earnestly  to  secure 
its  passage,  and  who  perhaps  in  a  very  real  sense  gave  his  life 
for  the  passage  of  the  bill  which  bears  his  name. 

The  Adams  bill  provided  an  appropriation  by  the  national 
government  of  $5,000  to  each  experiment  station  for  the  year 
ended  June  30,  1000.  It  provides  for  an  increase  of  $2,000 
in  the  amount  appropriated  for  each  station  annually  until 
the  total  amount  per  year  for  each  State  reaches  $15,000,  at 
which  figure  it  is  then  to  remain.   This  act  will  then,  in  brief, 
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within  a  few  years  double  the  amount  of  the  national  appro- 
priations to  each  of  the  experiment  stations  of  the  country. 
This  act  was  approved  on  March  16,  11)06.  There  was  for  a 
time  doubt  as  to  whether  the  first  installment  of  $5,000  would 
become  available  during  the  fiscal  year  ended  June  30  last 
A  final  decision  was  not  made  until  very  late  in  June.  The 
passage  of  the  act  had,  however,  been  anticipated,  and,  in 
preparation  for  an  increase  in  the  scope  of  station  work,  the 
principal  part  of  the  first  installment  was  used  in  the  pur- 
chase of  scientific  apparatus.  The  Adams  bill  stipulates  that 
the  funds  which  it  makes  available  are  "  to  be  applied  only 
to  all  the  necessary  expenses  of  conducting  original  researches 
or  experiments  bearing  directly  on  the  agricultural  industry 
of  the  United  States."  It  should  by  the  terms  of  the  bill  be 
devoted  to  research  of  the  highest  scientific  character.  ~No 
part  of  the  funds  made  available  by  the  Adams  bill  can  be 
used  for  ordinary  administrative  expenses  or  for  publication. 

The  bill  was  so  drawn  that  acceptance  of  its  provisions  by 
the  Legislatures  of  the  several  States  was  a  necessary  pre- 
requisite to  the  reception  of  the  funds  which  it  provided. 
Such  acceptance  on  the  part  of  the  Legislature  of  Massachu- 
setts was  promptly  obtained. 

Change  in  the  Name  of  the  Station. 
At  the  time  when  work  was  organized  under  the  Hatch  act, 
establishing  experiment  stations  as  departments  of  agricul- 
tural colleges,  there  was  already  in  existence  in  Amherst  a 
station  organized  under  State  law,  known  as  the  Massachu- 
setts Experiment  Station.  It  will  be  remembered  that  for 
some  years  the  two  stations  continued  in  operation  side  by 
side  and  without  disadvantage,  for  there  was  agreement  as  to 
the  lines  of  investigation  to  be  undertaken  by  each,  and  there 
was  no  duplication  of  work.  The  fact  that  the  name  Massa- 
chusetts Experiment  Station  was  already  in  use  made  it 
necessary  to  adopt  another  name;  and,  as  a  mark  of  respect 
to  Senator  Hatch,  to  whose  activity  and  influence  the  estab- 
lishment of  the  stations  under  the  general  government  had 
been  due,  this  experiment  department  in  Massachusetts  was 
called  the  Hatch  Experiment  Station.   In  the  course  of  a  few 
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years  it  became  apparent  that  superior  economy  in  the  admin- 
istrative work  of  the  Massachusetts  stations  might  be  secured 
should  both  come  under  one  organization.  An  act  of  the 
Legislature  was  secured,  uniting  the  State  station  with  the 
Hatch  station,  and  under  the  latter  name.  The  use  of  this 
name  has  been  attended  with  numerous  minor  disadvantages. 
The  reason  for  its  adoption  is  not  generally  understood.  It 
is  contrary  to  the  custom  in  other  States  to  give  the  stations 
a  special  name ;  in  all  other  States  the  station  is  known  by  the 
name  of  the  State.  It  has  therefore  seemed  best  to  conform 
to  this  general  practice,  and  the  name  of  this  station  by  act 
of  the  Legislature  recently  secured  has  been  changed  to  the 
Massachusetts  Agricultural  Experiment  Station. 

Changes  in  Staff. 

No  very  important  changes  in  the  general  policy  of  the 
station  have  been  made  during  the  year,  and  yet  it  has  been 
a  year  of  progress.  The  station  has  been  fortunate  in  re- 
taining the  services  of  all  the  heads  of  its  various  divisions, 
and  in  June  last  the  scope  of  its  work  was  extended  through 
the  establishment  of  a  division  of  veterinary  science,  of  which 
Dr.  James  B.  Paige  was  made  the  head. 

A  considerable  number  of  minor  changes  in  the  station 
staff  have  been  made  necessary,  owing  to  the  fact  that  assist- 
ants in  various  departments  have  left  us  to  take  positions  of 
greater  responsibility  and  emolument.  These  changes  have 
been  as  follows :  — 

E.  S.  Fulton,  B.S.,  in  place  of  F.  R.  Church,  B.S. 

E.  F.  Gaskill,  B.S.,  appointed  assistant  agriculturist,  in  place  of 
S.  B.  Haskell,  B.S. 

Howard  S.  Parsons,  dairy  tester,  in  place  of  Sumner  R.  Par- 
ker, B.S. 

Charles  P.  Halligan,  B.S.,  assistant  horticulturist,  in  place  of 
Walter  B.  Hatch,  B.S. 

Lewell  S.  Walker,  B.S.,  assistant  chemist,  in  place  of  Arthur 
C.  Whittier,  B.S. 

W.  K.  Hepburn,  inspector,  in  place  of  Frank  G.  Helyar,  B.S. 

T.  A.  Barry,  observer,  in  place  of  C.  H.  Chadwick. 
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The  correspondence,  as  pointed  out  by  the  heads  of  a  num- 
ber of  divisions,  has  largely  increased.  This  increase  has 
affected  not  simply  the  heads  of  divisions,  but  the  director's 
office  as  well,  and  has  made  necessary  the  employment  of  an 
increased  number  of  private  secretaries.  The  clerical  work 
of  the  station  now  affords  f*ll  employment  for  from  five  to 
six  such  assistants. 

Kew  Lines  of  Work. 
During  the  past  year  two  new  lines  of  work  have  been 
undertaken,  in  both  instances  at  the  solicitation  and  with  the 
hearty  co-operation  of  persons  engaged  in  the  special  indus- 
tries affected. 

Asparagus  growing  is  an  important  industry  in  a  number 
of  sections.  Of  late  years  it  has  been  found  difficult  to  pro- 
duce satisfactory  crops,  on  account  of  the  prevalence  of  rust. 
It  is  hoped  that  it  may  be  possible  to  obtain  or  to  produce 
more  rust-resistant  varieties  of  this  crop;  and,  for  the  pur- 
pose of  working  with  that  end  in  view,  an  arrangement  has 
been  made  with  the  division  of  plant  industry  of  the  depart- 
ment of  agriculture  for  co-operative  work.  Much  of  this  work 
will  be  carried  on  in  Concord,  which  is  the  center  of  what  is 
without  doubt  the  most  important  asparagus-producing  sec- 
tion in  the  State.  In  connection  with  the  asparagus-breeding 
experiments  in  Concord,  an  extended  series  of  fertilizer  ex- 
periments is  also  to  be  undertaken.  Considerable  preliminary 
work  in  both  directions  has  been  done  during  the  past  year. 

The  cranberry  industry,  which  is  so  important  chiefly  in 
the  seaboard  towns  of  southeastern  Massachusetts,  has  long 
suffered  from  a  variety  of  insect  pests.  An  important  begin- 
ning has  been  made  in  the  study  of  these  pests  during  the 
past  season.  In  this  work  the  station  has  employed  an  assist- 
ant, who  spent  the  entire  summer  in  Wareham,  which  is  one 
of  the  principal  towns  of  the  cranberry  district  of  Plymouth 
County.  The  results  of  his  work  and  important  suggestions 
as  to  methods  of  fighting  the  injury  due  to  some  of  the  more 
serious  insect  pests  will  be  presented  in  a  bulletin,  which  will 
bo  ready  for  publication  at  an  early  date. 
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An  extended  series  of  experiments  in  the  use  of  fertilizers 
for  cranberries  has  also  been  begun  during  the  past  year.  The 
bogs  where  these  experiments  are  in  progress  under  direct 
station  management  arc  located  in  Falmouth.  An  almost 
equally  extensive  series  of  experiments  with  fertilizers  has 
been  begun  on  the  bogs  of  one  of  the  largest  private  growers. 

Revision  of  Mailing  Lists. 
The  mailing  lists  of  the  station  have  been  kept  by  the  card 
catalogue  system,  and  have  not  been  revised  for  a  number  of 
years.  These  lists  include  a  total  of  some  25,000  cards.  It 
is  believed  that  they  may  include  duplicates,  and  a  considera- 
ble number  of  names  of  parties  who  no  longer  care  for  our 
publications,  —  possibly  of  persons  deceased  or  removed.  An 
important  beginning  has  been  made  in  the  revising  of  these 
lists.  The  revision  now  in  progress  will  be  made  of  the  most 
thorough  possible  character,  and  as  soon  as  it  can  be  com- 
pleted, improved  systems  of  addressing  and  mailing  will  be 
installed. 

WOEK  UNDER  THE  ADAMS  Act. 

Careful  plans  have  been  laid  for  investigations  under  the 
Adams  act.  These  investigations,  as  will  be  evident  from 
the  statement  made  concerning  the  nature  of  the  work  which 
can  be  undertaken  under  it,  will  usually  extend  over  a  con- 
siderable number  of  years.  A  portion  of  the  work  with 
asparagus  and  cranberries,  which  has  been  referred  to,  will 
be  provided  for  out  of  the  funds  furnished  by  this  act. 

Among  other  lines  of  work  which  have  been  begun  are  in- 
vestigations to  determine  the  effect  of  feed  on  the  composition 
of  milk  and  butter  fat  and  on  the  consistency  or  body  of 
butter;  the  effect  of  Porto  Rico  molasses  on  the  digestibility 
of  hay,  and  of  hay  and  a  nitrogenous  concentrate;  the  prep- 
aration of  descriptions  and  life  histories  of  important  groups 
of  insects;  and  a  study  of  the  relations  of  climate  to  the  de- 
velopment of  plants  and  crops  both  in  health  and  disease. 
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Bulletins  issued. 

Meteorological  bulletins  have  been  issued  monthly,  as  usual, 
and  in  addition  the  station  has  published  and  distributed  four 
other  bulletins,  —  two  on  fertilizers,  one  on  the  inspection  of 
concentrates  and  one  on  market  milk. 

The  fertilizer  bulletins,  Nos.  109  and  111,  have  presented 
the  analyses  of  the  fertilizers  officially  examined  under  the 
fertilizer  law,  as  well  as  the  analyses  of  a  considerable  num- 
ber of  soils  and  the  more  abundant  miscellaneous  materials 
possessing  fertilizer  value,  which  are  sent  in  by  the  general 
public.  They  have  also  included  brief  discussions  of  the 
results. 

The  bulletin  on  the  inspection  of  concentrates,  No.  108, 
besides  presenting  the  results  of  the  analyses  of  food  stuffs 
collected  under  the  feed  law,  included  much  valuable  in- 
formation on  the  general  subject  of  food  stuffs  and  their  use. 

The  bulletin  on  market  milk,  No.  110,  included:  first,  gen- 
eral discussion  of  the  composition  and  value  of  milk  as  food ; 
second,  it  presented  the  results  of  an  examination  into  the 
conditions  under  which  the  milk  marketed  in  parts  of  North- 
ampton and  Amherst  is  produced,  as  well  as  the  results  of  a 
critical  examination  of  samples  of  this  milk.  The  milk  was 
subjected  to  physical,  chemical  and  bacteriological  tests,  for 
the  purpose  of  determining  its  quality,  value  and  suitability 
as  human  food.  The  results  are  carefully  and  fully  discussed, 
and  some  of  the  more  important  conclusions  presented  were 
as  follows :  Very  little  milk  showed  evidence  of  adulteration, 
and  most  of  it  was  sweet.  The  larger  part  of  it  was  above  the 
average  in  chemical  composition.  Bacteria  were  especially 
numerous  in  the  product  of  cows  kept  under  uncleanly  con- 
ditions, and  such  samples  were  far  too  numerous.  Many 
samples  showed  barny  or  disagreeable  smell,  apparently  due 
to  the  fact  that  the  milk  was  allowed  to  stand  too  long  in  the 
stable  after  milking.  The  general  conclusion  was,  that  a 
great  deal  of  the  milk  offered  for  general  consumption  was 
not  produced  under  satisfactory  sanitary  conditions.  The 
bulletin  concludes  with  brief,  important  and  pointed  practical 
suggestions  both  to  producers  and  to  consumers. 
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Besides  the  bulletins  which  have  been  mentioned,  three 
others  have  been  prepared,  and  are  now  in  press:  Xo.  112, 
"  The  Examination  of  Cattle  and  Poultry  Feeds;  "  Xo.  113, 
"Fertilizer  Bulletin ;"  and  Xo.  114,  "The  Oriental  Moth: 
a  Recent  Importation." 


Bulletins  and  Reports  available  for  Free  Distri- 
bution. 

The  supply  of  many  of  the  reports  and  bulletins  which  have 
been  issued  by  the  station,  available  for  general  distribution, 
has  been  exhausted,  but  those  in  the  following  list  will  still  be 
furnished  on  application :  — 


No.     3.  Tuberculosis. 

No.    33.    Glossary  of  fodder  terms. 

No.    34.    Fertilizer  analyses. 

No.    41.    On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 

No.    64.    Analyses  of  concentrated  feed  stuffs. 

No.    68.    Fertilizer  analyses. 

No.    76.    The  imported  elm-leaf  beetle. 

No.    81.    Fertilizer  analyses;  treatment  of  barnyard  manure  with 

absorbents;  trade  values  of  fertilizing  ingredients. 
No.    83.    Fertilizer  analyses. 
No.    84.    Fertilizer  analyses. 

No.  89.  Fertilizer  analyses;  ash  analyses  of  plants;  instructions 
regarding  sampling  of  materials  to  be  forwarded  for 
analysis. 

No.    90.    Fertilizer  analyses. 

No.    92.    Fertilizer  analyses. 

No.    96.    Fungicides;  insecticides;  spraying  calendar. 
No.    97.    A  farm  wood  lot. 

No.    99.    Dried  molasses  beet  pulp;  the  nutrition  of  horses. 
No.  100.    Fertilizer  analyses;  market  values  of  fertilizing  ingredi- 
ents. 

No.  102.  Analyses  of  manurial  substances  and  fertilizers;  market 
values  of  fertilizing  ingredients. 

No.  103.  Analyses  of  manurial  substances;  instructions  regarding 
sampling  of  materials  to  be  forwarded  for  analysis;  in- 
structions to  manufacturers,  importers,  agents  and  sell- 
ers of  commercial  fertilizers;  discussion  of  trade  values 
of  fertilizing  ingredients. 

No.  105.    Tomatoes  under  glass;  methods  of  pruning  tomatoes. 
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No.  107.  Analyses  of  manurial  substances  forwarded  for  examina- 
tion; market  values  of  fertilizing  ingredients;  analyses 
of  licensed  fertilizers  collected  in  the  general  markets. 

No.  109.  Analyses  of  manurial  substances  forwarded  for  examina- 
tion; analyses  of  Paris  green  and  other  insecticides 
found  in  the  general  markets;  instructions  regarding 
the  sampling  of  materials  to  be  forwarded  for  analysis; 
instructions  to  manufacturers,  importers,  agents  and  sell- 
ers of  commercial  fertilizers;  discussion  of  trade  values 
of  fertilizing  ingredients  for  190G. 

No.  110.    Market  milk. 

No.  112.    The  examination  of  cattle  and  poultry  feeds. 
No.  113.    Fertilizer  analyses. 

No.  114.    The  oriental  moth:  a  recent  importation. 


Of  most  of  the  other  bulletins  of  the  station  a  few  copies 
still  remain ;  these  will  be  supplied  only  to  complete  sets  for 
libraries. 

The  co-operation  and  assistance  of  farmers,  fruit  growers 
and  horticulturists,  and  all  interested  directly  or  indirectly  in 
agriculture,  is  earnestly  requested.  Communications  may  be 
addressed  to  the  "  Massachusetts  Agricultural  Experiment 
Station,  Amherst,  Mass." 


Reports  of  Divisions. 

The  reports  of  the  different  heads  of  divisions  are  trans- 
mitted herewith. 

The  report  of  the  meteorologist  calls  attention  to  two  or 
three  important  improvements  in  equipment. 

The  report  of  the  agriculturist  is  elsewhere  briefly  sum- 
marized. 

The  report  of  the  fertilizer  section  of  the  division  of  chem- 
istry calls  attention  to  a  moderate  increase  in  the  number  of 
fertilizers  licensed  in  the  State  and  in  the  number  analyzed. 
Three  hundred  and  fifty-four  brands  of  fertilizers  and  chem- 
icals have  been  licensed  in  Massachusetts  during  the  year. 
As  was  pointed  out  in  the  last  annual  report,  there  can  be  no 
possible  necessity  for  such  a  large  number  of  different  kinds 
of  fertilizers.  The  report  of  the  chemist  this  year  empha- 
sizes this  point.    It  should  be  more  generally  understood  that 
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the  fertilizers  purchased  by  the  farmer  cost  more  as  a  conse- 
quence of  this  needless  multiplication  of  brands.  It  would 
seem  to  be  the  part  of  common  sense  for  the  manufacturers  to 
reduce  their  number,  for  whatever  enables  them  to  lower  the 
price  to  the  consumer  must  eventually  help  manufacturer  and 
dealer  as  well  as  consumer.  The  fertilizers  analyzed  during 
the  past  year  have  shown  an  improvement  in  quality,  as  com- 
pared with  stated  composition.  Xo  particular  improvement 
can  be  noted  in  the  direction  of  better  adaptation  to  crops. 
The  different  brands  of  special  crop  fertilizers  show  the  same 
extreme  variations  as  heretofore.  It  is  evident  that  not  all 
of  the  fertilizers  advertised  as  suitable  for  any  particular  crop 
can  possibly  meet  the  promises  of  the  manufacturers.  The 
analyses  completed  by  the  station  show  some  deeline  in  the 
general  quality  of  wood  ashes,  and  the  report  emphasizes  the 
desirability  that  consumers  of  ashes  should  purchase  only  on  a 
guarantee  as  to  quality. 

The  report  of  the  section  of  foods  and  feeding  is  largely 
devoted  to  the  presentation  of  the  results  of  experiments  to 
determine  the  digestibility  of  some  of  the  newer  food  stuffs. 
The  publication  of  such  result*  seems  to  be  essential  as  a  basis 
for  proper  use  of  such  materials.  The  report  calls  attention 
to  the  general  results  of  the  analyses  of  samples  of  drinking 
water,  which  indicate,  as  in  previous  years,  the  necessity  of 
caution  in  cases  where  contamination  seems  possible  or  is  sus- 
pected. The  report  includes  also  brief  statements  of  the  re- 
sults of  the  execution  of  the  feed  and  dairy  laws.  Dealers  in 
food  stuffs  seem  in  general  disposed  to  comply  with  the  law, 
although  in  a  few  cases  it  is  believed  that  retailers  are  in  the 
habit  of  removing  or  failing  to  attach  labels  required  by  the 
law.  Attention  is  called  to  the  fact  that  the  tests  of  Babcock 
glassware  for  accuracy  show  a  comparatively  large  proportion 
to  be  inaccurately  graduated.  There  is  much  need  of  greater 
care  on  the  part  of  manufacturers. 

The  results  of  a  feeding  trial  in  which  Porto  Rico  molasses 
was  tested  are  presented.  They  show  such  molasses  to  have 
apparently  about  80  per  cent,  of  the  value  of  corn  meal.  At- 
tention, however,  is  called  to  the  fact  that  molasses  depresses 
the  digestibility  of  other  foods.    Should  it  be  found  that  such 
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depression  inevitably  follows  the  use  of  molasses,  this  consid- 
eration will  materially  decrease  its  value  as  a  food  stuff. 

Feeding  experiments  with  alfalfa  meal  indicate  that  it  is 
not  equal  to  wheat  bran  in  food  value,  as  is  claimed  by  some 
of  its  manufacturers. 

Experiments  with  sorghum  as  a  fodder  show  that  the  large 
quantities  of  seed  sometimes  recommended  are  unnecessary, 
and  that  the  fodder  fills  a  useful  place  in  a  soiling  system. 

The  report  of  the  botanist  and  vegetable  pathologist  covers 
a  considerable  variety  of  topics.  Attention  is  called  to  the 
tonic  influence  of  Bordeaux  mixture  on  plant  assimilation. 
As  a  result  of  this  influence,  it  seems  apparent  that  the  benefit 
following  the  application  of  Bordeaux  mixture  is  not  due 
solely  to  the  prevention  of  disease,  but  in  considerable  meas- 
ure as  well  to  increased  vigor  of  growth. 

Attention  is  called  to  the  importance  of  further  study  for 
the  discovery  of  a  remedy  for  tomato  rot,  which  so  seriously 
injures  the  greenhouse  crop  in  this  State. 

The  report  shows  a  considerable  increase  in  the  amount  of 
work  done  by  the  station  in  testing  seeds  for  farmers  and 
gardeners.  It  presents  a  review  of  the  year  as  regards  the 
prevalence  of  plant  diseases.  It  seems  that  during  the  past 
year  the  potato  has  been  comparatively  free  from  disease, 
while  celery,  pears  and  apples  have  been  affected  to  an  unusual 
degree.  The  report  calls  attention  to  defoliation  of  fruit 
trees  not  infrequently  following  improper  spraying,  and 
makes  important  suggestions  in  connection  therewith. 

Attention  is  called  to  a  bacterial  disease  of  cucumbers  un- 
der glass.  It  has  been  found  that  relatively  late  planting 
insures  absolute  or  comparative  freedom  from  this  disease. 
A  bacterial  disease  of  lettuce  is  common  in  the  south,  and 
growers  are  cautioned  to  be  on  the  outlook  for  similar  disease 
in  their  houses.  The  promptest  measures  should  be  taken  to 
eradicate  it,  should  it  appear. 

Attention  is  called  to  a  serious  trouble  which  tobacco  grow- 
ers have  experienced  within  the  last  year  or  two,  which  ap- 
pears to  be  due  to  improper  use  of  fertilizers. 

It  is  pointed  out  that  the  lime  and  sulfur  treatment  now  so 
often  adopted  as  a  means  of  destroying  the  San  Jose  scale 


1907.]        PUBLIC  DOCUMENT  — No.  33. 


17 


exercises  a  repressive  influence  upon  a  number  of  fungous 
diseases.  It  has  been  noted  that  fruit  trees  have  been  remark- 
ably free  from  such  diseases,  and  the  fruit  unusually  perfect 
and  free  from  imperfections  where  the  lime  and  sulfur  treat- 
ment has  been  practiced,  and  the  opinion  is  expressed  that  the 
San  Jose  scale  may  prove  "  a  blessing  in  disguise." 

A  brief  report  is  presented  of  the  trial  of  a  number  of  dif- 
ferent fungicides  for  potatoes.  The  wet  Bordeaux  mixture 
was  found  to  be  superior  to  any  of  the  dry  applications,  but 
the  results  of  the  season  are  comparatively  inconclusive. 

The  report  includes  an  important  paper  upon  banding  sub- 
stances which  are  used  for  the  protection  of  trees  and  shrubs 
from  insects.  Relatively  few  of  the  substances  upon  the  mar- 
ket satisfy  all  the  requirements  in  such  a  material.  A  num- 
ber of  them  prove  highly  injurious  if  applied  direct  to  the 
bark. 

The  report  of  the  botanist  includes  a  paper  on  the  injury 
to  trees  caused  by  illuminating  gas.  It  appears  that  a  large 
amount  of  careless  work  has  been  done  in  the  putting  in  of 
gas  mains.  The  injury  to  trees  consequent  upon  the  escape  of 
illuminating  gas  into  the  soil  surrounding  their  roots  has  in 
a  number  of  instances  proved  very  serious. 

The  report  concludes  with  a  discussion  as  to  the  varying 
texture  of  soil  required  for  some  of  our  more  important  spe- 
cial crops. 

The  report  of  the  entomologists  calls  attention  to  the  large 
amount  of  injury  to  various  greenhouse  crops  consequent  upon 
the  attacks  of  the  white  fly.  Fumigation  with  hydrocyanic 
acid  gas  has  been  found  the  most  successful  method  of  destroy- 
ing this  insect,  but  the  results  of  such  fumigation  have  in 
numerous  instances  resulted  in  great  injury  to  the  plants  fumi- 
gated. The  capacity  of  different  plants  to  endure  such  fumi- 
gation is  for  the  most  part  unknown.  This  subject  has  been 
carefully  investigated  for  greenhouse  tomatoes,  and  a  bulletin 
soon  to  be  published  will  present  the  results  and  give  definite 
directions.  The  report  calls  attention  to  the  rapid  spread  of 
the  San  Jose  scale,  which  seems  to  be  at  present  distributed 
in  nearly  every  town  east  of  the  Connecticut  River.  The 
scale  is  found  in  old  as  well  as  in  recently  set  trees.    The  re- 
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port  calls  attention  to  the  fact  that  earlier  experiments  here 
showed  the  lime  and  sulfur  treatment  to  be  the  most  effective. 
Later  investigation  confirms  these  early  results.  The  report 
deals  briefly  with  a  number  of  the  proprietary  mixtures  rec- 
ommended for  the  destruction  of  the  San  J ose  scale,  but  states 
that  none  of  them  has  been  found  equal  to  the  lime  and  sulfur 
mixture.  The  report  makes  mention  of  the  work  on  cran- 
berry insects  and  the  investigation  as  to  the  newly  imported 
oriental  moth,  both  of  which  have  been  previously  referred  to. 
It  concludes  with  brief  reference  to  some  of  the  more  destruc- 
tive insects  of  the  year. 

The  report  of  the  veterinarian  briefly  discusses  the  nature 
of  the  work  which  his  department  has  been  called  upon  to  do. 
It  will  be  remembered  that  this  division  has  been  organized 
only  since  J uly. 

The  report  of  the  horticulturist  makes  brief  mention  of  the 
different  lines  of  experimental  work  in  progress,  and  reports 
in  detail  the  results  of  experiments  in  mushroom  growing. 
These  indicate  pure-culture  spawn  to  be  much  superior  to  the 
ordinary  commercial  spawn,  and  that  there  is  a  wide  differ- 
ence in  the  characteristics  of  different  varieties  as  regards 
productiveness  and  quality.  The  results  indicate  that  the 
possibilities  of  profit  in  mushroom  culture  are  by  no  means 
as  great  as  is  often  represented. 


WILLIAM  P.  BROOKS, 

Director. 
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ANNUAL  REPORT 


Of  George  F.  Mills,  Treasurer  of  the  Massachusetts  Agricul- 
tural Experiment  Station  of  the  Massachusetts  Agricul- 
tural College, 

For  the  Year  ending  June  30,  1906. 


Cash  received  from  United  States  Treasurer,  .        .        .    $14,617  70 
Unexpended  balance,  1904-05,     ....  382  30 

$15,000  00 


for  salaries,  

$6,539  52 

for  labor,  ..... 

3,003  07 

for  publications,  .... 

719 

01 

for  postage  and  stationery, 

438 

09 

for  freight  and  express, 

168 

01 

for  heat,  light,  water  and  power,  . 

245 

42 

for  chemical  supplies,  . 

406 

54 

for  seeds,  plants  and  sundry  sup- 

plies, ..... 

525 

57 

for  fertilizers,  .... 

569 

43 

for  feeding  stuffs,  .... 

699 

10 

for  library,  ..... 

21 

10 

for  tools,  implements  and  machin- 

ery,   

246 

05 

for  furniture  and  fixtures, 

51 

52 

for  scientific  apparatus,  . 

292 

62 

for  live  stock,  .... 

195 

25 

for  travelling  expenses, 

229 

66 

for  contingent  expenses, 

25 

00 

for  building  and  repairs, 

625 

04 

$15,000  00 


Cash  received  from  State  Treasurer,     .  .  $13,500  00 

from  fertilizer  fees,        .  .     4,745  00 

from  farm  products,        .  .     2,836  02 

from  miscellaneous  sources,  .     4,993  76 


$26,074  78 
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Cash  paid  for  salaries,  $13,411  67 

for  labor,   2,220  35 

for  publications   809  52 

for  postage  and  stationery,  .  .  394  61 
for  freight  and  express,  .  .  186  63 
for  heat,  light,  water  and  power,  .  1,118  36 
for  chemical  supplies,  .  .  .  237  79 
for  seeds,  plants  and  sundry  sup- 
plies,   680  65 

for  fertilizers,       .       .       .       .  67  55 

for  feeding  stuffs,  ....  902  65 

for  library   142  60 

for  tools,  implements  and  machin- 
ery  58  10 

for  furniture  and  fixtures,      .       .  212  13 

for  scientific  apparatus,         .       .  1,210  72 

for  live  stock,       ....  10  00 

for  travelling  expenses,        .       .  1,587  59 

for  contingent  expenses,       .       .  88  10 

for  buildings  and  repairs,     .       .  170  47 

Balance   2,495  29 
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KEPOKT  OF  THE  METEOROLOGIST. 


J.  E.  OSTRANDER. 


The  work  of  the  meteorological  division  during  the  past 
year  has  been  continued  along  the  same  lines  as  in  previous 
years.  While  changes  in  the  instruments  at  times  are  neces- 
sary, and  a  modification  in  the  form  of  the  records  must 
occasionally  be  made,  these  are  avoided  unless  the  necessity 
is  very  apparent.  The  value  of  a  set  of  records  at  any  sta- 
tion is  dependent  on  the  uniformity  with  which  they  have 
been  made,  as  well  as  on  the  length  of  time  covered.  Xot- 
withstanding  the  objections  to  a  change,  it  was  considered 
advisable  at  the  beginning  of  the  year  to  discontinue  the  pub- 
lication of  the  wind  movement  as  given  by  the  Draper  ane- 
mometer, and  to  use  instead  that  given  by  the  electric  register 
which  was  installed  last  year.  This  was  done  so  that  our 
records  would  be  better  comparable  with  those  of  the  United 
States  Weather  Bureau  meteorological  stations,  which  use 
electric  recorders.  A  comparison  of  the  two  records  at  this 
station  shows  a  difference  of  from  5  to  10  per  cent,  in  the 
total  movement  during  a  month,  that  of  the  electric  register 
usually  being  the  larger.  The  Draper  records  are  still  taken, 
and  will  be  continued  during  the  coming  year  for  the  purpose 
of  further  comparison. 

The  records  of  the  electric  sunshine  recorder  have  been 
substituted  for  those  of  the  Draper  instrument,  and,  while 
they  are  made  more  precise,  it  is  not  thought  that  the  monthly 
results  are  materially  affected  by  the  change. 

With  the  close  of  the  year  the  records  for  eighteen  years 
will  be  complete.  A  summary  of  the  records  for  the  first  ten 
years  was  published  in  the  report  for  1900.  This  summary 
has  been  carried  along  to  date  for  the  purpose  of  deducing 
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mean  values  which  are  taken  for  the  normals  of  the  station. 
It  should  again  be  published  when  the  records  for  twenty 
years  are  completed. 

The  usual  monthly  bulletins  have  been  issued,  and  the  one 
for  December  will  contain  a  summary  of  the  records  for  the 
year.  The  station  has  also  furnished  the  Boston  office  of  the 
United  States  Weather  Bureau  with  the  monthly  voluntary 
observers'  reports,  and  has  arranged  to  send  weekly  snow  re- 
ports during  the  winter  season. 

The  local  forecasts  are  received  by  telegraph  daily,  Sun- 
days excepted,  from  the  Boston  office,  and  the  proper  flags 
are  displayed. 

During  the  year  a  new  Draper  self-recording  thermometer 
was  purchased,  to  replace  the  one  in  use.  A  new  maximum 
thermometer  of  standard  pattern  was  purchased,  to  replace 
the  one  in  use  which  was  broken  in  resetting.  A  Felt  and 
Tarrent  comptometer  has  been  added  to  the  equipment,  and 
is  used  in  making  many  of  the  computations.  All  computa- 
tions are  checked,  to  reduce  the  probability  of  errors  to  a 
minimum. 

In  February  Irr.  C.  H.  Chadwick,  the  observer,  retired 
to  accept  a  position  in  civil  engineering  in  the  south ;  and  the 
;i distant  observer,  Mr.  T.  A.  Barry,  was  advanced  to  the 
place. 
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KEPORT  OF  THE  AGRICULTURIST. 


WM.  T.  BROOKS;  ASSISTANTS,  E.  S.  FULTON,  E.  F.  GASKILL. 


The  work  carried  on  in  the  agricultural  division  of  the 
experiment  station  during  the  past  season  has  involved  the 
care  of  308  field  plots  in  the  various  fertilizer  and  variety 
tests;  150  closed  plots,  largely  used  in  fertilizer  experiments; 
and  286  pots  in  vegetation  experiments,  mainly  designed  to 
throw  light  upon  problems  connected  with  the  use  of  fer- 
tilizers. It  will  be  remembered  that  a  large  number  of  the 
experiments  in  this  division  are  continued  from  year  to  year. 
Such  repetitions  are  desirable,  for  reasons  which  are  fully 
set  forth  in  the  last  annual  report.  A  detailed  account  of 
results  obtained  will  at  this  time  be  presented  only  for  a 
relatively  small  number  of  the  experiments  in  progress.  The 
experiments  discussed,  and  the  more  important  results,  briefly 
stated,  are  as  follows :  — 

I.  —  Experiment  to  determine  the  relative  value  as  sources 
of  nitrogen  of  barnyard  manure,  nitrate  of  soda,  sulfate  of 
ammonia  and  dried  blood.  This  experiment  has  been  in 
progress  since  1890.  The  crop  of  this  year  was  corn,  and 
on  the  basis  of  yield  the  nitrogen  materials  under  comparison 
rank  in  the  following  order:  barnyard  manure,  nitrate  of 
soda,  sulfate  of  ammonia,  dried  blood.  On  the  basis  of  in- 
crease in  crop,  as  compared  with  the  product  of  the  no-nitro- 
gen plots,  taking  into  account  all  the  crops  grown  since  the 
experiment  began  (1890),  the  materials  on  a  percentage 
basis  rank  as  follows :  nitrate  of  soda,  100 ;  barnyard  manure, 
85.31;  dried  blood,  70.06;  sulfate  of  ammonia,  63.5-1. 

II.  —  Experiment  to  determine  the  relative  value  of  muri- 
ate and  high-grade  sulfate  of  potash.  The  crops  on  the  basis 
of  which  comparisons  are  possible  this  year  were  soy  beans, 
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asparagus,  rhubarb,  raspberries,  blackberries,  mixed  hay  and 
potatoes.  The  sulfate  of  potash  gives  the  larger  crops  in  the 
case  of  soy  beans,  rhubarb,  raspberries,  blackberries,  pota- 
toes, and  (as  the  average  of  two  experiments)  for  mixed  hay. 
The  muriate  gives  the  larger  crop  of  asparagus. 

III.  —  Experiment  to  determine  the  relative  value  of  dif- 
ferent potash  salts  for  field  crops.  The  salts  under  compari- 
son were  kainit,  high-grade  sulfate,  low-grade  sulfate,  muri- 
ate, nitrate,  carbonate  and  silicate.  The  crop  was  potatoes. 
The  salts  on  the  average  of  five  trials  for  each  rank  as  fol- 
lows: muriate,  low-grade  sulfate,  high-grade  sulfate,  nitrate, 
carbonate,  kainit  and  silicate.  Where  potash  is  not  used 
as  a  fertilizer,  the  vines  appear  to  be  far  more  susceptible  to 
early  blight  than  on  the  other  plots. 

IV.  —  Experiment  to  show  the  relative  value  in  corn  and 
hay  production  of  special  corn  fertilizers,  as  compared  with 
a  fertilizer  mixture  richer  in  potash.  The  crop  of  the  past 
season  was  mixed  grass  and  clover.  The  special  corn  fer- 
tilizer gave  the  larger  yield  at  the  first  cutting,  the  fertilizer 
richer  in  potash  the  larger  yield  of  rowen.  This  experiment 
has  continued  since  1891.  Ten  corn  crops  and  six  crops  each 
of  hay  and  rowen  have  been  produced.  As  the  average  of 
the  entire  number  of  experiments,  the  special  corn  fertilizer 
has  given  a  slightly  larger  yield  of  grain  and  less  stover  than 
the  mixture  of  materials  richer  in  potash.  As  the  average 
of  six  years'  results,  the  mixture  richer  in  potash  has  given 
the  larger  crops  both  of  hay  and  rowen. 

V.  —  Experiment  to  determine  the  relative  value  for  pro- 
duction of  corn  and  mixed  hay  of  manure  alone,  as  compared 
with  a  smaller  application  of  manure  and  a  moderate  amount 
of  sulfate  of  potash.  The  crop  of  the  past  year  was  mixed 
hay.  The  larger  application  of  manure  alone  gave  slightly 
larger  yields  both  at  the  first  and  second  cuttings  than  the 
combination  of  the  smaller  amount  of  manure  and  potash. 
This  experiment  has  continued  sixteen  years.  Ten  corn  crops 
and  six  crops  each  of  hay  and  rowen  have  been  harvested. 
The  average  yields  both  of  corn  and  hay  have  been  greater 
on  the  larger  amount  of  manure  alone,  but  not  sufficiently 
greater,  estimating  the  manure  to  cost  $5  per  cord,  to  cover 
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the  larger  cost  of  the  manure  applied  to  those  plots  where 
it  is  used  alone. 

VI.  —  Experiment  to  determine  the  relative  value,  as 
measured  by  crop  production,  of  a  considerable  number  of 
phosphates  used  in  quantities  to  furnish  equal  phosphoric 
acid  to  each  plot.  The  phosphates  under  comparison  are  fine 
ground,  —  apatite,  South  Carolina  rock  and  Tennessee  rock 
phosphates ;  Florida  soft  phosphate,  basic  slag  meal,  dissolved 
bone  black,  raw  bone  meal,  dissolved  bone  meal,  steamed  bone 
meal  and  acid  phosphate.  The  crop  of  the  past  season  was 
mixed  hay.  The  yields  on  the  different  phosphates  varied 
relatively  little,  indicating  that  the  hay  crop  is  dependent  in 
far  less  degree  upon  the  quantity  of  available  phosphoric 
acid  applied  than  are  the  crops  belonging  to  the  Cruciferae, 
such  as  cabbages  and  turnips,  as  shown  by  previous  trials. 

VII.  —  Soil  tests.  The  past  season  was  the  eighteenth 
during  which  the  soil  test  reported  in  detail  has  continued. 
The  results  show  the  great  importance  of  a  supply  of  nitrogen 
in  highly  available  form  for  the  production  of  a  satisfactory 
hay  crop. 

VIII.  —  Experiment  in  applying  manurial  substances  in 
rotation  for  the  production  of  grass.  The  materials  applied 
in  the  rotation  are:  first,  barnyard  manure;  second,  wood- 
ashes;  and  third,  a  combination  of  fine-ground  bone  and 
potash.  The  average  yield  of  hay  during  the  past  season 
was  at  the  rate  of  4,002  pounds  per  acre.  The  average  for 
the  fourteen  years  during  which  the  experiment  has  con- 
tinued has  been  6,389  pounds. 

IX.  —  An  experiment  comparing  winter  with  spring  ap- 
plication of  manure  on  a  slope.  The  crop  of  the  past  year 
was  corn,  and  the  results  indicate  a  small  loss  in  fertilizer 
value,  resulting  from  winter  application,  but  the  gain  in  crop 
where  the  manure  was  applied  in  spring  was  not  sufficient 
to  repay  the  extra  cost  in  handling  the  manure  in  that  manner. 

X.  —  Experiment  in  the  application  of  nitrate  of  soda 
for  rowen.  The  increase  in  crop  during  the  past  season  was 
considerably  more  than  sufficient  to  cover  the  cost  of  the  ap- 
plication ;  but  the  results  in  the  different  years  that  the  ex- 
periment has  continued  show  a  wide  variation  with  the 
amount  of  rainfall  during  the  ?pn?on  of  trrowth  of  the  crop. 
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XL  —  A  variety  test  of  potatoes,  including  twenty-five 
varieties.  The  most  productive  varieties,  mentioned  in  order, 
were :  Climax,  Chenango  White,  Hammond's  Wonderful  and 
Simmon's  Model,  all  of  which  gave  a  yield  in  excess  of  200 
bushels  merchantable  potatoes  per  acre. 

XII.  —  Comparisons  of  food  combinations  furnishing  the 
essential  nutrients  in  varying  proportions  for  laying  hens. 
The  results  indicate  corn  to  have  superior  merit  among  the 
different  grains  for  the  production  of  eggs  whenever  the  total 
fiber  content  of  the  ration  is  low,  and  the  fat  content  rela- 
tively high.  Rice,  which  contains  less  fiber  than  any  other 
grain,  gives  a  satisfactory  egg  product,  but  costs  too  much 
to  render  its  use  advisable. 

I.  —  Manures  and  Fertilizers  furnishing  Nitrogen 
compared.    (Field  A.) 

The  materials  furnishing  nitrogen  which  are  under  com- 
parison in  this  experiment  are  barnyard  manure,  nitrate  of 
soda,  sulfate  of  ammonia  and  dried  blood.  With  few  and 
unimportant  exceptions,  each  plot  has  been  manured  in  the 
same  way  since  1890.  The  field  includes  eleven  plots,  of 
one-tenth  acre  each.  All  the  plots  annually  receive  equal  and 
liberal  amounts  of  phosphoric  acid  and  potash.  The  phos- 
phoric acid  is  supplied  to  all  plots  in  the  form  of  dissolved 
bone  black.  The  potash  is  applied  to  six  plots  (1,  3,  6,  7, 
8  and  9)  in  the  form  of  muriate;  it  is  applied  to  four  plots 
(2,  4,  5,  and  10)  in  the  form  of  low-grade  sulfate.  There 
are  three  plots  in  the  field  which  have  had  no  nitrogen  ap- 
plied to  them  in  any  form  since  1884.  The  nitrogen  ma- 
terials under  comparison  are  applied  in  such  quantities  as 
to  furnish  nitrogen  at  the  rate  of  45  pounds  per  acre  to  each. 
Barnyard  manure  is  used  on  one  plot,  nitrate  of  soda  on  two, 
sulfate  of  ammonia  on  three  and  dried  blood  on  two. 

The  plots  to  which  nitrogen  has  been  applied  in  the  form 
of  sulfate  of  ammonia  have  shown  a  tendency  to  comparative 
unproductiveness,  due  without  doubt  to  unfavorable  chemical 
or  biological  conditions.  These  unfavorable  conditions  have 
apparently  tended  to  prevent  or  to  retard  the  nitrification  of 
the  ammonia  nitrogen.  As  a  means  of  correcting  the  faulty 
conditions,  50  pounds  of  unslaked  lime  were  applied  to  plot 
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G  in  1896.  Twice  since  that  date,  in  1898  and  in  1905, 
the  entire  field  has  been  limed,  as  observation  of  the  growth 
of  the  crops,  especially  of  clover,  indicated  that  liming  would 
be  beneficial.  In  1898,  lime  was  applied  at  the  rate  of  2,000 
pounds  per  acre  of  air-slaked  lime.  In  1905,  2,395  pounds 
of  slaked  lime  were  applied  to  the  entire  field,  this  being  at 
the  rate  of  a  little  more  than  a  ton  to  the  acre. 

The  crops  grown  in  this  experiment  previous  to  this  year 
in  the  order  of  their  succession  have  been:  oats,  rye,  soy 
beans,  oats,  soy  beans,  oats,  soy  beans,  oats,  oats,  clover,  po- 
tatoes, soy  beans,  potatoes,  soy  beans,  potatoes,  oats  and  peas. 

The  crop  of  the  past  season  was  Rustler  White  Dent  corn, 
the  seed  having  been  obtained  in  Minnesota.  It  may  be  here 
remarked  that  this  variety  seems  to  be  well  adapted  to  our 
local  soil  and  climatic  conditions.  It  gave  a  thoroughly 
matured  crop  and  a  heavy  yield. 

After  the  harvest  of  the  crop  of  the  season  1905  (oats 
and  peas),  the  land  was  replowed  and  sown  to  clover  late  in 
August.  This  clover  made  a  poor  start,  and  was  badly  in- 
jured by  the  winter.  The  condition  in  the  spring  was  best 
on  plot  0  (manure).  It  was  poorest  on  plots  5  and  6  (sul- 
fate of  ammonia).  On  these  there  were  but  few  living  plants 
remaining.  The  condition  of  the  clover  being  so  poor,  the 
field  was  plowed  on  May  18.  The  manure  and  the  fertilizers 
were  applied  in  accordance  with  the  regular  system  on  May 
21.  The  field  was  harrowed  thoroughly  on  May  22  and  23 ; 
it  was  planted  on  the  23d.  The  crop  was  thoroughly  cared 
for,  and  no  exceptional  conditions  likely  to  interfere  with 
the  experiment  were  noted.  The  rates  of  yield  on  the  sev- 
eral plots  and  the  sources  of  nitrogen  on  each  are  shown  in 
the  following  table :  — 
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Yield  of  Corn  and  Stover  per  Acre. 


COBN  (BUBHELs). 

Stover 
(Pounds). 

Plots. 

Nitrogen  Fertilizers  used. 

First 
Quality. 

Second 
Quality. 

A 

0,  . 

16.14 

6,500 

l,  . 

Nitrate  of  soda  (muriate  of  potash) ,       .  . 

62.14 

13.57 

6,300 

a 

Nitrate  of  soda  (sulfate  of  potash),  ... 

70.00 

14.00 

6,100 

g 

1  M  .1  <  1  U1UOU     lull!  1.1  It'  OI  pOUlSUJ,  ... 

62.43 

10.43 

6,000 

4,  . 

No  nitrogen  (sulfate  of  potash), 

34.29 

13.86 

6,200 

5,  . 

Sulfate  of  ammonia  (sulfate  of  potash),  . 

62.57 

10.00 

5,400 

6,  . 

Sulfate  of  ammonia  (muriate  of  potash), 

62.86 

9.86 

5,350 

No  nitrogen  (muriate  of  potash), 

35.00 

10.00 

5,350 

8,  . 

Sulfate  of  ammonia  (muriate  t>f  potash) , 

61.71 

12.86 

5,930 

9,  . 

No  nitrogen  (muriate  of  potash), 

29.29 

15.71 

5,600 

10,  . 

Dried  blood  (sulfate  of  potash), 

57.71 

12.57 

5,800 

The  yield  on  the  three  no-nitrogen  plots  (4,  7  and  9)  is 
much  inferior  to  that  on  any  of  the  others,  although  it  is 
still  almost  equal  to  the  average  rate  of  yield  of  corn  per 
acre  in  this  State.  The  yield  on  all  the  plots  receiving  nitro- 
gen was  good,  but  wide  differences  will  be  noticed.  The 
plot  to  which  manure  was  applied  gave  a  yield  much  supe- 
rior to  that  obtained  on  any  of  the  other  plots.  The  relative 
rank  of  the  manure  plot  with  most  of  the  crops  grown  has 
been  much  lower.  In  corn,  as  is  well  understood,  we  have  a 
crop  capable,  in  unusual  degree,  of  utilizing  the  nitrogen  of 
our  coarser  manures,  since  its  principal  growth  occurs  at  a 
season  sufficiently  late  so  that  the  nitrogen  of  the  compara- 
tively inert  organic  compounds  of  the  manure  can  previously 
have  been  rendered  available  by  the  natural  processes  of 
decay  and  nitrification,  for  which  the  warm  weather  of  the 
early  and  mid-summer  months  is  so  favorable. 

The  average  yields  of  this  year  on  the  several  fertilizers 
are  shown  in  the  following  table :  — 


1907.]        PUBLIC  DOCUMENT  — Xo.  33. 


29 


Corn  (Bushels). 

Stover 
(Pounds). 

Fertilizers  used. 

First 
Quality. 

Second 
Quality. 

Average  of  no-nitrogen  plots  (4,  7,  9),  

32.86 

13.19 

5,717 

Average  of  the  nitrate  of  soda  plots  (1,  2),  ... 

66.07 

13.79 

6,200 

Average  of  the  dried  blood  plots  (3, 10),  . 

60.07 

11.50 

5,900 

Average  of  the  sulfate  of  ammonia  plots  (5,  6,  8),  . 

62.38 

10.90 

5,560 

As  a  result  of  all  the  experiments  previous  to  this  year, 
it  has  been  found  that  the  materials  furnishing  nitrogen 
have  produced  crops  in  the  following  relative  amounts :  — 


Per  Cent. 

Nitrate  of  soda,  100.00 

Barnyard  manure,  .....       .       .  94.47 

Dried  blood  91.09 

Sulfate  of  ammonia,       .       .       .       .       .       .  88.83 

No  nitrogen,   .  71.52 


Similar  averages  for  this  year  are  as  follows :  — 

Per  Cent. 

Corn.  Stover. 

Nitrate  of  soda,                                        100.00  100.00 

Barnyard  manure,                                      131.24  104.83 

Sulfate  of  ammonia,       ....       94.41  89.68 

Dried  blood,                                               90.92  95.16 

No  nitrogen,                                              49.73  92.20 


If  we  combine  the  results  showing  relative  standing  in 
1906  with  the  similar  figures  for  all  the  years  previous  to 
1906,  the  relative  standing  is  as  follows:  — 


Per  Cent. 

Nitrate  of  soda,  100.00 

Barnyard  manure,  .       .       .       .       .       .       .  96.63 

Dried  blood,  91.08 

Sulfate  of  ammonia,       .       .       .       .       .       .  89.14 

No  nitrogen,  70.24 


All  the  figures  showing  relative  standing  included  in  the 
above  tables  are  based  upon  the  total  yields.  Presented  in 
this  way,  they  are  not  without  interest.  Of  even  greater 
interest,  however,  will  be  a  comparison  on  the  basis  of  the 
increases  as  compared  with  the  no-nitrogen  plots,  due  to  the 
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different  nitrogen-containing  materials  which  have  been  used. 
On  this  basis,  increase  in  crop,  rather  than  on  the  basis  of 
total  product,  the  manure  and  fertilizers  used  as  a  source 
of  nitrogen  rank  to  date  for  the  entire  period  of  the  experi- 
ment, 1890  to  1906,  inclusive,  as  follows:  — 

Relative  Increases  in  Yields  (Averages  for  the  Seventeen  Years). 

Per  Cent. 

Nitrate  of  soda,  100.00 

Barnyard  manure,  85.32 

Dried  blood,  70.03 

Sulfate  of  ammonia,       .       .  .       .       .  63.51 

It  will  be  noticed  that,  whatever  the  basis  of  comparison, 
the  nitrate  of  soda  has  on  the  average  given  results  consid- 
erably superior  to  those  obtained  either  with  manure  or  with 
either  of  the  other  nitrogen  fertilizers.  It  will  also  be  no- 
ticed that  the  sulfate  of  ammonia,  on  the  other  hand,  has 
given  results  much  inferior  to  those  obtained  with  either  of 
the  other  materials  supplying  nitrogen.  If  nitrogen,  then, 
can  be  purchased  in  the  form  of  nitrate  at  a  price  per  unit 
not  exceeding  that  which  it  will  cost  in  other  forms,  there 
can  be  little  doubt  that  it  should  be  depended  upon  as  a 
source  of  this  element  for  most  of  the  crops  of  the  farm. 
The  results  of  the  past  season,  however,  indicate  that,  as 
would  naturally  be  anticipated,  the  nitrate  does  not  show  the 
same  degree  of  superiority  for  corn  as  has  usually  been  shown 
with  the  crops  raised  in  this  field,  almost  all  of  which  com- 
plete their  growth  at  a  much  earlier  date  in  the  season  than 
corn. 

II.  —  The  Relative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash.  (Field  B.) 
In  this  experiment,  muriate  of  potash  is  compared  with 
the  high-grade  sulfate  on  the  basis  of  such  applications  as 
will  furnish  equal  actual  potash  per  acre.  These  potash  salts 
are  used  in  connection  with  bone  meal  at  the  rate  of  600 
pounds  per  acre.  The  experiment  was  begun  in  1892.  Dur- 
ing the  first  eight  or  nine  years,  potash  salts  were  applied 
in  varying  quantities,  but  for  the  most  part  at  the  rate  of 
about  350  to  400  pounds  per  acre.    Since  1900,  each  has 
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been  applied  annually  at  the  rate  of  250  pounds  per  acre. 
There  are  ten  plots  in  the  field,  each  containing  about  one- 
seventh  of  an  acre.  Five  of  these  plots  receive  muriate  of 
potash,  and  these  plots  alternate  with  the  same  number  of 
plots  which  are  yearly  manured  with  sulfate  of  potash. 

A  large  variety  of  crops  has  been  grown  in  the  different 
years  during  which  this  experiment  has  continued.  The 
crops  of  the  past  year  were  asparagus,  rhubarb,  raspberries, 
blackberries,  mixed  hay,  potatoes  and  soy  beans.  On  each  of 
plots  13  and  14  four  different  perennial  crops  are  grown, 
namely,  asparagus,  rhubarb,  raspberries  and  blackberries, 
each  crop  occupying  substantially  one-quarter  of  the  area. 
The  hay  crop  occupied  four  plots,  the  potatoes  and  soy  beans 
two  each. 

Xo  accidental  conditions  were  observed  which  unfavor- 
ably influenced  any  of  the  crops.  It  is  believed  that  the 
differences  shown  by  the  table  giving  the  yields  are  due  to 
the  difference  in  potash  salt  employed.  The  rates  of  yield 
per  acre  of  the  various  crops  on  the  different  fertilizers  are 
presented  in  the  following  table :  — 


Crops. 


Fertilizer  used. 


Plots. 


Yield  per  Acre. 


Muriate  of  potash, 
Sulfate  of  potash, 
Muriate  of  potash, 
Sulfate  of  potash, 

Muriate  of  potash, 
Sulfate  of  potash, 
Muriate  of  potash, 
Sulfate  of  potash, 
Muriate  of  potash, 
Sulfate  of  potash, 

Muriate  of  potash, 
Sulfate  of  potash, 
Muriate  of  potash, 
Sulfate  of  potash, 

Muriate  of  potash, 
Sulfate  of  potash, 


Beans.  Straw. 
23.83  bush.    2,419  lbs. 

28.44  bush.    2,887  lbs. 

2,649.7  lbs. 

1,730.3  lbs. 

Stalks.  Leaves. 
23,999  lbs.    20,733  lbs. 

40,992  lbs.    33.14S  lbs. 

57.26  lbs. 

151.82  lbs. 

266.00  lbs. 

867.90  lbs. 


15 

Hay. 

2,438  lbs. 

Rowen. 
2,000  lbs. 

16 

2,261  lbs. 

1,911  lbs. 

17 

2,045  lbs. 

1,981  lbs. 

18 

2,709  lbs. 

2,046  lbs. 

Larpe. 

Small. 

158.1  bush.  25.2  bush. 
180.8  bush.  28.5  bush. 
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Soy  Beans.  —  The  yield  of  soy  beans,  as  will  be  noticed, 
was  considerably  larger  upon  the  sulfate  of  potash.  We 
have  now  carried  through  a  similar  experiment  with  soy 
beans  fifteen  times.  In  seven  of  these  trials  the  result  has 
been  favorable  to  the  sulfate  of  potash,  and  in  one  it  was  the 
same  on  the  two  salts.  The  average  of  all  trials  is  favor- 
able to  the  sulfate,  and  it  would  seem  that  there  can  be 
little  doubt  that  where  the  two  potash  salts  are  continuously 
used  the  sulfate  rather  than  the  muriate  should  be  selected. 
The  superiority  in  yield  on  the  former  is  usually  much  more 
than  sufficient  to  cover  the  small  additional  cost  of  that  salt, 
as  compared  with  the  muriate. 

Asparagus.  —  It  will  be  noticed  that  the  yield  of  aspara- 
gus on  the  muriate  of  potash  is  more  than  50  per  cent 
greater  than  on  the  sulfate.  This  result  in  so  far  as  it  goes 
appears  to  furnish  evidence  that  the  customary  practice  of 
depending  largely  upon  the  muriate  as  a  source  of  potash 
for  the  asparagus  crop  is  sound. 

Rhubarb.  —  The  yield  of  rhubarb  this  year  is  much 
larger  than  in  any  preceding  year  during  which  this  crop 
has  been  grown  in  this  experiment.  In  the  earlier  years  the 
yield  on  the  sulfate  of  potash  has  been  moderately  greater 
than  on  the  muriate;  this  year  it  is  very  much  greater,  ex- 
ceeding the  yield  on  the  muriate  by  about  80  per  cent. 
Should  further  experiment  support  the  evidence  afforded 
thus  far  by  this,  it  would  appear  that  rhubarb  growers  in 
general  will  be  wise  to  depend  upon  the  sulfate  rather  than 
the  muriate  as  a  source  of  potash  for  that  crop. 

Raspberries  and  Blackberries.  —  The  yield  of  both  these 
crops  is  small  on  both  fertilizers,  that  of  raspberries  es- 
pecially so.  During  the  three  or  four  years  the  experiment 
on  these  plots  has  continued,  the  sulfate  has  invariably  given 
better  results  than  the  muriate.  Particularly  noticeable  has 
been  the  difference  in  the  degree  of  winter-killing.  The 
canes  upon  the  plot  to  which  muriate  of  potash  is  applied 
seem  to  be  much  less  hardy  than  those  on  the  plot  where 
sulfate  is  used;  and,  with  little  doubt,  the  greater  yield  on 
the  latter  potash  salt  is  mainly  a  consequence  of  the  fact 
that  the  injury  due  to  winter-killing  is  so  much  less. 
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Should  further  experiment  confirm  what  now  appears  to  be 
probable  in  regard  to  the  varying  effect  of  these  two  potash 
salts  upon  the  ability  of  the  canes  of  these  fruits  to  resist 
the  winter's  cold,  the  point  demonstrated  will  be  one  of 
much  importance,  for  winter-killing  is  one  of  the  most  seri- 
ous obstacles  to  the  successful  production  of  some  of  the 
most  desirable  varieties  of  these  fruits. 

The  Hay  Crops.  —  The  hay  crop  of  the  past  year  occu- 
pied four  plots.  Clover  seed  alone  was  sown,  but  the  clover 
did  not  make  a  good  stand,  and  the  vacancies  were  filled  in 
part  by  timothy,  in  part  by  weeds.  "Where  the  clover  was 
best,  a  considerable  superiority  in  favor  of  the  sulfate  of 
potash  was  manifest.  Aside  from  this  observation,  the  re- 
sults of  the  year  with  the  hay  crop  did  not  appear  to  have 
much  significance. 

Potatoes.  —  It  will  be  noted  that  the  yield  of  merchant- 
able potatoes  upon  the  sulfate  of  potash  was  materially 
larger  than  on  the  muriate.  This  result  is  in  accordance 
with  the  results  which  have  usually  been  obtained  in  experi- 
ments upon  our  grounds;  and,  in  spite  of  the  fact  that  the 
season  during  which  the  potatoes  made  their  chief  growth 
was  this  year  characterized  by  a  considerable  deficiency  of 
rainfall,  the  soil  where  the  sulfate  has  been  continuously 
used  shows  its  superiority  over  that  where  the  muriate  has 
been  similarly  used. 

III.  —  Comparison  of  Different  Potash  Salts  for 
Field  Crops.  (Field  G.) 
This  experiment  is  designed  to  show  the  ultimate  effect 
upon  the  soil,  as  well  as  the  current  effect  upon  the  crops, 
of  continuous  use  of  different  potash  salts.  We  have  under 
comparison  kainit,  high-grade  sulfate,  low-grade  sulfate, 
muriate,  nitrate,  carbonate  and  silicate.  The  field  includes 
forty  plots,  in  five  series  of  eight  plots  each.  Each  series 
includes  a  no-potash  plot,  as  well  as  the  seven  potash  salts 
which  have  been  named.  The  experiment  is  therefore  car- 
ried out  each  year  in  quintuplicate.  The  area  of  each  plot 
is  one-fortieth  of  an  acre.  The  potash  salts  under  compari- 
son are  used  in  quantities  which  will  supply  annually  actual 
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potash  at  the  rate  of  165  pounds  per  acre  to  each  of  the 
plots.  All  plots  are  equally  manured,  and  liberally,  with 
materials  furnishing  nitrogen  and  phosphoric  acid. 

The  crops  which  have  been  grown  in  this  field  in  the  order 
of  their  succession  beginning  in  1898  have  been  as  fol- 
lows :  — 

1898.  Medium  Green  soy  beans. 

1899.  Potatoes. 

1900.  Plots  1-8,  cabbage;  9-24,  Medium  Green  soy  beans;  25-40, 

cowpeas. 

1901.  1-8,  wheat;  9-40,  corn. 

1902.  Clover. 

1903.  Clover. 

1904.  1-16,  cabbage;  17^10,  corn. 

1905.  Soy  beans. 

1906.  Potatoes. 

The  results  last  year  with  the  soy  bean  seemed  rather 
inconclusive,  on  account  of  the  number  of  variations  due  to 
exceptional  conditions  not  necessarily  connected  with  the  vary- 
ing use  of  potash  salts.  In  brief,  it  may  be  stated  that  the 
plots  to  which  kainit  was  applied  gave  the  smallest  average 
crops  in  the  field,  the  yield  being  less  even  than  on  the 
no-potash  plots.  Carbonate  of  potash  gave  the  highest  aver- 
age yield,  followed  closely  by  high-grade  sulfate  and  silicate, 
while  the  yields  on  nitrate,  muriate  and  low-grade  sulfate 
were  not  much  inferior. 

The  crop  of  the  past  season  was  potatoes.  The  variety 
grown  was  the  Green  Mountain,  the  seed  having  been  pur- 
chased in  Maine.  One  accidental  variation  must  here  be 
recorded,  viz.,  that  the  quantity  of  Green  Mountain  seed 
proved  to  be  slightly  less  than  was  needed,  so  that  it  was  neces- 
sary to  use  another  variety,  Carmen  ~No.  3,  also  from  Maine, 
on  one  of  the  plots  (40).  The  seed  potatoes  were  treated 
with  formalin  at  the  rate  of  1  pint  to  15  gallons  of  water 
in  the  usual  way  on  May  7.  The  field  was  plowed  on  May  8. 
On  May  10,  2,427  pounds  of  freshly  slaked  lime  were  ap- 
plied. This  was  harrowed  in  on  May  11.  On  May  12,  fer- 
tilizers were  applied  and  harrowed  in  on  the  same  day.  On 
the  same  date,  also,  one-half  the  plots,  four  series,  1-20,  were 
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planted.  On  May  14,  the  balance  of  the  field  was  planted. 
The  crop  was  carefully  cared  for  throughout  the  entire  sea- 
son. The  vines  were  repeatedly  sprayed  with  Bordeaux 
mixture,  and  carefully  protected  from  bugs  by  the  customary 
measures.  Early  in  the  season  the  vines  on  the  no-potash 
plots  showed  a  marked  inferiority  in  growth.  They  were 
characterized  by  a  dark,  bluish-green  color.  The  vines  on 
the  plots  receiving  chlorides  in  any  form  showed  a  distinctly 
lighter  shade  of  green  (pea  green)  than  those  manured  with 
other  potash  salts.  The  vines  on  the  silicate  of  potash  plots 
were  very  dark  in  color,  and  somewhat  resembled  in  general 
appearance,  though  much  larger  in  growth,  the  vines  on  the 
no-potash  plots. 

The  yields  per  plot  and  the  rates  of  yield  per  acre  are 
shown  in  the  following  table :  — 


Pounds  per  Plot. 

Bushels  per  Acre. 

Plots. 

Potash  Salt. 

Large. 

Small. 

Large. 

Small. 

1,  . 

No  potash,  

305.25 

106  ..50 

203.50 

71.00 

2,  .  . 

83.75 

283.16 

55.83 

3,  . 

High-grade  sulfate,  .... 

428.. 50 

74.50 

285.66 

49.66 

4,  •  • 

Low-grade  sulfate  

407.00 

65.00 

271.33 

43.33 

5,  . 

Muriate,  

439.75 

74.00 

293.16 

49.33 

6,  . 

Nitrate,  

412.75 

71.50 

275.16 

47.66 

94. .50 

249.50 

63.00 

8,  .  . 

63.75 

241.50 

42.50 

9,  . 

No  potash,  

280.25 

45.00 

186.83 

30.00 

10,  . 

47.00 

226.66 

31.33 

11,  . 

High-grade  sulfate  

351.00 

49.00 

234.00 

32.66 

12,  . 

Low-grade  sulfate  

360 .25 

47.25 

240.66 

31.50 

13,  .  . 

53.00 

221.66 

35.33 

14,  . 

37.00 

23.5.50 

24.66 

15,  .  . 

Carbonate,  

313. .50 

76.00 

209.00 

50.66 

16,  .  . 

Silicate  

337.75 

58.50 

22.5.16 

39.00 

17,  . 

No  potash  

172.. 50 

44.50 

115.00 

29.66 

18,  .  . 

Kainit,  

231.25 

33.25 

154.16 

22.66 

19,  . 

High-grade  sulfate,  .... 

267.00 

38.00 

178.00 

25.33 

20,  . 

Low-grade  sulfate,  .... 

247.50 

36.75 

166.66 

24.50 

21,  . 

40.00 

179.66 

26.66 

22,  . 

Nitrate  

241.50 

55.50 

161.00 

37.00 

3(3 


EXPERIMENT  STATION. 


[Jan. 


Plot*. 

Potash  Salt. 

Pounds  1 

kb  Plot. 

Bushels 

per  Acre. 

Large. 

Small. 

Large. 

Small. 

09 

Carbonate,  ...... 

252 . 25 

81.25 

168.66 

54.16 

OA 

Silicate,       .      .      .      .  . 

235. 25 

61.25 

in  00 

4U.OO 

01 

M,  . 

No  potash,  ...... 

135.50 

50.50 

on  99 
■  * 

00.00 

OR 

.O,  . 

K  '1'iri 

264.75 

29.00 

176.50 

19.33 

on 

High-grade  sulfate,  .... 

278.75 

35.50 

loo.cvj 

>>q  tut 

oa 

—0,  . 

Low-grade  sulfate,  .... 

.'>.'>(  1.25 

36.25 

220.16 

24.16 

^y,  . 

Muriate, 

8M 1  •  K 

47.50 

213.50 

31 .66 

it 

ou,  . 

i>iirait  , .  ...... 

285.75 

58.75 

190.50 

39 . 16 

31 

V.  ill  I'Mii.in  ,  ...... 

335.00 

76.50 

223.33 

51.00 

■a 

°->  • 

.    Ill1  *lll   ,  •••••• 

254 .  25 

74.25 

167.83 

49.50 

00,  . 

No  potash, 

167.00 

46.00 

111 .33 

30.66 

34 

21*2.00 

39.00 

194.66 

26.00 

A3,  . 

High-grade  sulfate,  .... 

307.25 

41.00 

2i  >4  So 

27 .33 

36,  .  . 

Low-grade  sulfate  

310.00 

44.00 

206.66 

29.33 

37,  . 

Muriate  

315.75 

73.00 

210.50 

48.66 

38,  .  . 

Nitrate  

321.75 

49.00 

214.50 

32.66 

39,  .  . 

Carbonate,  

2'.  IS.  25 

70.00 

198.83 

46.66 

40,  .  . 

Silicate  

312.00 

59.00 

208.00 

39.33 

The  average  yields  under  the  varying  fertilizer  treatments 
are  as  follows :  — 


Potatoes. — Average  Yields  per  Acre  (Bushels). 


Potash  Salt. 

Large. 

Small. 

No  potash  (plots  1,  9, 17,  25,  33)  

141.40 

39.00 

Kainit  (plots  2, 10, 18,  26,  34)  

207.03 

31.03 

High-grade  sulfate  (plots  3, 11, 19,  27,  35),      .      .      .  . 

217.66 

31.73 

Low-grade  sulfate  (plots  4, 12,  20,  28,  36),       .      .      .  . 

221.09 

30.56 

Muriate  (plots  5, 13,  21,  29,  37),  

223.70 

38.33 

Nitrate  (plots  6, 14,  22,  30,  38) ,  

215.33 

36.23 

Carbonate  (plots  7, 15,  23,  31,  39),  

209.86 

53.10 

Silicate  (plots  8,  16,  24  ,  32,  40),  

199.86 

42.13 

It  will  be  noticed  that  the  no-potash  plots  on  the  average 
give  a  yield  much  inferior  to  that  produced  on  the  plots 
receiving  potash.  The  best  average  yield  is  produced  by  the 
muriate,  but  the  differences  between  the  yield  on  this  potash 


1907.]        PUBLIC  DOCUMENT  —  No.  33. 


37 


salt  and  the  average  yield  produced  by  the  low-grade  and 
high-grade  sulfate  and  the  nitrate  are  small.  Carbonate 
ranks  next,  followed  by  kainit  and  silicate.  The  past  season 
(June  1  to  August  15)  was  characterized  by  rainfall  con- 
siderably below  the  average.  Previous  experiments  have 
shown  that  in  such  seasons  muriate  of  potash  can  usually  be 
depended  upon  to  give  crops  equal  to  those  produced  where 
the  sulfates  are  used.  Lime,  moreover,  is  known  to  offset 
in  a  measure  the  unfavorable  results  consequent  upon  con- 
tinued use  of  muriate;  and  the  entire  field,  as  stated,  was 
limed  this  season. 

We  are  unable  at  this  time  to  make  a  report  in  relation 
to  the  quality  of  the  tubers  produced  on  the  different  fertiliz- 
ers, but  the  different  lots  have  been  carefully  sampled,  and 
such  a  report  will  be  made  later. 

The  Effect  of  the  Liming.  —  Attention  is  called  to  the  fact 
that  in  using  lime  immediately  preceding  the  potato  crop  we 
departed  from  the  usually  accepted  rule.  Such  use  of  lime 
is  not  regarded  as  desirable  on  account  of  the  chances  that 
the  immediately  following  crop  of  potatoes  will  be  scabby. 
This  result  was  noted  upon  a  portion  of  the  plots  in  this 
field,  principally  1  to  8.  The  amount  of  scab,  however,  was 
not  on  the  whole  serious. 

The  Belation  of  the  Potash  to  Potato  Blight. — As  has 
been  stated  in  the  description  of  the  general  care  given  the 
crop,  the  potatoes  in  this  field  were  repeatedly  and  carefully 
sprayed  with  Bordeaux  mixture.  The  dates  of  the  succes- 
sive applications  were  as  follows:  June  27,  July  7,  August 
2-3,  August  10.  Early  in  August  it  was  noticed  that  the 
leaves  of  all  the  no-potash  potato  plants  were  beginning  to 
blight,  while  the  foliage  on  all  the  plots  to  which  potash  has 
been  annually  applied  still  appeared  to  be  practically  unaf- 
fected. The  blight  made  rapid  progress  on  each  of  the  five 
no-potash  plots,  while  the  foliage  of  the  vines  upon  all  the 
other  plots  for  the  most  part  ripened  normally.  Practically 
all  the  leaves  on  the  no-potash  plots  were  dead  by  the  end  of 
August,  at  which  date  there  was  still  considerable  living 
foliage  on  the  other  plots.  There  was  no  decay  of  the  tubers, 
however,  on  any  of  the  plots;  but  the  marked  inferiority  in 
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yield  on  the  no-potash  plots  was  no  doubt  in  considerable 
measure  due  to  the  relatively  early  death  of  the  foliage. 

Xo  explanation  can  be  offered  at  this  time  for  the  ob- 
served phenomena.  Earlier  observers,  among  them  Dr. 
Goessmann  and  Professor  Maynard,  have  held  that  a  liberal 
supply  of  potash  has  in  some  cases  exercised  a  marked  influ- 
ence in  enabling  the  foliage  of  fruits  to  resist  fungous  dis- 
eases. Some  European  investigators  have  attributed  a  sim- 
ilar effect  to  potash  in  connection  with  potato  diseases.  This 
matter  should  evidently  receive  further  and  most  careful 
study,  for,  if  potato  blight  can  be  in  a  measure  controlled 
through  more  liberal  use  of  potash  salts,  this  will  afford  a 
comparatively  easy  method  of  reducing  the  amount  of  injury 
due  to  the  fungi  attacking  the  foliage  of  this  important  crop. 

IV.  —  Xorth  Corn  Acre.  —  Special  Fertilizer  v.  Fer- 
tilizer richer  in  Potash. 

This  experiment  was  begun  in  1891.  It  occupies  an  acre 
of  ground,  divided  into  four  equal  plots.  Plots  3  and  4 
were  sown  to  millet  during  the  first  two  years  of  the  experi- 
ment, but  with  this  exception  their  treatment  has  been  the 
same  as  that  of  plots  1  and  2,  3  being  a  duplicate  of  1,  and 
4  a  duplicate  of  2,  both  as  regards  fertilizer  application  and 
crops  produced.  During  the  period  under  consideration  the 
entire  area  wTith  the  exception  noted  for  plots  3  and  4,  has  been 
in  corn,  with  the  exception  of  three  two-year  periods,  1897 
and  1898,  1899  and  1900,  and  the  past  two  years,  during 
which  periods  the  land  has  been  in  mixed  grass  and  clover. 
The  method  of  seeding  in  every  instance  has  been  by  sowing 
in  the  corn  of  the  year  preceding  the  first  of  each  of  the 
three  two-year  periods  during  which  hay  has  been  the  crop. 

The  object  in  this  experiment  is  to  test  the  question  whether 
the  special  corn  fertilizers  offered  in  our  markets  are  of  such 
composition  as  seems  to  be  best  suited  for  the  production 
of  corn  and  mixed  hay  in  rotation.  Plots  1  and  3  have  yearly 
received  an  application  of  fertilizers  (a  home  mixture)  fur- 
nishing per  acre  the  same  amount  of  nitrogen,  phosphoric 
acid  and  potash  as  would  be  furnished  by  1,800  pounds  of 
fertilizer  having  the  composition  of  the  average  of  the  spe- 
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This  average 


cial  coin  fertilizers  analyzed  at  this  station, 
changes  but  little  from  year  to  year,  and  in  1899,  since  which 
date  we  have  made  no  change  in  the  kinds  and  amounts  of 
fertilizers  used,  it  was  as  follows:  — 


Nitrogen, 
Phosphoric  acid, 
Potash,  . 


Per  Cent. 

2.37 
10.00 
4.30 


The  averages  for  the  past  year  have  been:  nitrogen,  2.61 
per  cent.;  phosphoric  acid,  11.55  per  cent.;  and  potash,  4 
per  cent. 

The  fertilizers  which  have  been  used  on  plots  2  and  4  are 
substantially  the  same  in  amount  and  kind  as  were  recom- 
mended for  corn  in  Bulletin  Xo.  58  (Hatch).  The  essen- 
tial difference  in  the  fertilizer  mixtures  under  comparison 
is  that  the  mixture  used  on  plots  2  and  4  is  richer  in  potash 
and  much  poorer  in  phosphoric  acid  than  the  mixture  rep- 
resenting the  average  market  corn  fertilizers.  The  difference 
in  the  application  of  the  fertilizer  elements  is  shown  in  the 
following  table :  — 


Fertilizer  Elements  applied  annually. 


Rates  per  Acre  (Pounds). 

Plots. 

N 

P2  o5 

K2  0 

180 
50 

77.4 
125.0 

The  fertilizer  materials  applied  to  the  several  plots  annu- 
allv  are  shown  below :  — 


Fertilizers  used. 

Plots  1  and  3 
(Pounds  Each). 

Plots  2  and  4 
(Pounds  Each). 

Nitrate  of  soda  

30.0 

50.0 

Dried  blood  

30.0 

Dry  ground  fish,  

37.5 

50.0 

Acid  phosphate,  

273.0 

50.0 

Muriate  of  potash,  

37.5 

62.5 
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This  field  was  limed  in  1900  at  the  rate  of  1  ton  to  the 
acre. 

The  crop  of  the  past  season  was  mixed  grass  and  clover, 
the  present  being  the  second  year  for  this  seeding.  The 
rates  of  yield  per  acre  on  the  several  plots  and  the  averages 
for  the  two  systems  of  manuring  are  shown  by  the  following 
tables : — 

Yields  per  Acre  (Pounds). 


Plots. 

Hay. 

Rowen. 

2,600 

1,680 

1,480 

2,980 

1,300 

2,020 

Average  Yields  per  Acre  (Pounds). 


Plots. 

Hay. 

Rowen. 

2,790 
2,360 

1,490 
1,750 

It  will  be  noticed  that  the  combination  of  fertilizers  rep- 
resenting the  special  corn  fertilizer  gives  an  average  yield 
of  hay  at  the  rate  of  430  pounds  per  acre  heavier  than  that 
produced  where  the  combination  of  fertilizer  materials  richer 
in  potash  was  used.  On  the  other  hand  the  latter  combina- 
tion of  fertilizer  materials  gives  a  yield  of  rowen  averaging 
260  pounds  per  acre  greater  than  the  special  com  fertilizer. 
The  total  crops,  then,  produced  under  the  two  systems  of 
fertilizing,  are  not  far  from  equal  for  the  past  year. 

Since  this  experiment  was  begun,  this  land  has  produced 
on  plots  1  and  2,  ten  corn  crops ;  on  plots  3  and  4,  eight  corn 
crops.  The  average  yields  per  plot  and  the  averages  for 
the  two  systems  of  fertilizing  are  shown  in  the  following 
tables :  — 
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Average  Yields  of  Corn  per  Acre. 


Plots. 

Corn 
(Bushels). 

Stover 
(Pounds). 

Ten  Years. 

56.77 

4,596 

Plot  2  (richer  in  potash)  

51.98  . 

4,640 

Eight  Years. 

55.18 

4,371 

Plot  4  (richer  in  potash) ,  

52.99 

4,590 

Average  Yields  per  Acre  on  the  Two  Systems  of  Fertilizing. 


Plots. 

Corn 
(Bushels). 

Stover 
(Pounds) . 

55.98 
52.48 

4,484 
4,615 

During  the  period  of  this  experiment  the  entire  field  has 
produced  six  crops  each  of  hay  and  rowen.  The  averages 
for  each  plot  and  the  averages  for  the  two  systems  of  fer- 
tilizing are  shown  in  the  following  tables :  — 


Average  Yields  per  Acre  of  Hay  and  Rowen,  Six  Years  (Pounds). 


Plots. 

Hay. 

Rowen. 

3,655 

1,100 

3,785 

1,176 

3,459 

885 

3,607 

1,203 

Average  Yields  per  Acre  on 

the  Two  Systems  of  Fertilizing,  Six  Years 

(Pounds) . 

Plots. 

Hay. 

Rowen. 

Plots  1  and  3  (lesser  potash), 

3,557 

993 

Plots  2  and  4  (richer  in  potash),  . 

3,696 

1,152 

It  will  be  noticed  that  the  average  crop  of  corn  lias  been 
somewhat  heavier,  while  the  average  crop  of  hay  is  slightly 
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less,  on  the  combination  of  materials  representing  the  spe- 
cial corn  fertilizer.  The  crops  of  corn  stover  and  of  rowen 
have  been  greater  on  the  combination  of  materials  furnish- 
ing more  potash.  This  is  in  accordance  with  what  is  to  be 
expected,  as  the  potash  is  found  almost  invariably  to  favor 
a  large  proportion  of  clover  in  mixed  mowings,  and  as  it  has 
been  shown  in  the  results  of  many  experiments  in  this  State 
that  stover  is  increased  in  larger  proportion  through  appli- 
cation of  potash  than  is  the  grain.1 

At  the  prices  which  have  prevailed  during  the  period  of 
the  experiment,  the  cost  per  acre  of  the  fertilizers  used  on 
plots  2  and  4  has  averaged  about  $5  less  than  the  cost  of  the 
materials  used  on  plots  1  and  3.  Taking  the  crops  as  a 
whole,  they  have  been  substantially  equal  under  the  two 
systems  of  fertilizing ;  and  the  advantage,  therefore,  is  clearly 
with  the  fertilizer  combination  richer  in  potash,  unless  it 
can  be  shown  that  the  condition  of  the  soil  upon  plots  2  and 
4  is  now  inferior  to  that  of  the  soil  on  plots  1  and  3.  Such 
inferiority  is  not  indicated  by  the  present  relative  yields. 
Xeither  does  a  study  of  the  income  and  outgo  from  the  soil 
of  fertilizer  elements  upon  the  several  plots  point  in  that 
direction.  Calculations  made  at  the  close  of  1905  to  de- 
termine the  fertilizer  ingredients  supplied  and  removed  from 
the  several  plots  gave  the  following  results :  — 


Fertilizer  Ingredients. 


Plots. 

SUPPLIED. 

REMOVED. 

N 

P,>05 

K2  0 

N 

P2  05 

K2  O 

Plot  1  (lesser  potash),  . 

135.10 

537.94 

216.00 

331.08 

117.74 

228.46 

Plot  2  (richer  in  potash), 

117.55 

217.63 

470.00 

322.44 

114.32 

229.79 

Plot  3  (lesser  potash)  

135.10 

537.94 

216.00 

259.52 

93.37 

180.26 

Plot  4  (richer  in  potash), 

117.55 

217.63 

470.00 

307.38 

109.97 

234.27 

A  study  of  the  figures  of  the  above  table  indicates  that 
on  every  plot  a  much  larger  quantity  of  nitrogen  has  been 
removed  from  the  soil  than  has  been  supplied  in  the  fer- 
tilizers used.    The  large  excess  of  nitrogen  removed  can  be 


i  Bulletin  Xo.  9  and  Bulletin  No.  14,  Hatch  Experiment  Station. 
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accounted  for  only  as  a  result  of  the  frequent  introduction 
of  clover  in  the  rotation. 

It  will  be  noticed  that  on  plots  1  and  3  phosphoric  acid 
has  been  applied  in  the  fertilizers  used  in  quantity  on  the 
average  more  than  five  times  greater  than  the  quantity  re- 
moved. Even  on  plots  2  and  4  phosphoric  acid  luis  been  sup- 
plied in  quantity  practically  double  that  removed. 

Potash  on  one  of  the  plots  (1  and  3)  has  been  supplied  in 
slightly  larger  quantity  than  removed,  while  on  the  other 
plot  the  quantity  removed  is  slightly  in  excess  of  the  quan- 
tity supplied. 

On  the  average,  the  condition  of  the  soil  as  regards  this 
element  on  plots  1  and  3  cannot  be  materially  different  from 
what  it  was  at  the  beginning  of  the  experiment.  On  plots 
2  and  4,  on  the  other  hand,  potash  has  been  supplied  in  quan- 
tity a  little  more  than  double  that  removed. 

V.  —  South  Corn  Acre.  —  Manure  Alone  v.  Manure 

and  Potash. 

The  object  in  view  in  this  experiment  is  to  compare  the 
crojvproducing  capacity  of  manure  alone  applied  in  fairly 
liberal  amounts  with  a  combination  of  a  lesser  amount  of 
manure  and  a  moderate  quantity  of  a  potash  salt.  An  acre 
of  land  is  used  in  the  experiment.  It  is  divided  into  four 
plots,  of  one-quarter  acre  each.  Two  of  the  plots  (1  and  3) 
have  received  applications  of  manure  only;  the  other  two 
plots  (2  and  4)  have  been  fertilized  by  applications  of  lesser 
amounts  of  manure,  together  with  a  potash  salt. 

This  experiment  was  begun  in  1891.  The  crop  for  the  first 
six  years  was  corn.  Corn  was  raised  also  in  1899  and  1900, 
and  in  1903  and  1904.  The  field  has  been  put  into  mixed 
grass  and  clover  three  times,  being  seeded  in  the  summer 
preceding  the  first  year  of  cutting  in  the  corn  crop.  Each 
time  that  the  land  has  been  seeded  it  has  been  cut  twice 
annually  for  two  years.  The  sod  has  then  been  broken  in 
the  fall  for  the  corn  crop  of  the  following  year.  The  years 
when  the  field  has  been  in  mowing  are  1898  and  1S99,  1901 
and  1902,  and  1905  and  1906. 

Manure  has  been  applied  to  plots  1  and  3  every  year,  at 
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the  rate  of  6  cords  per  acre,  with  the  following  exceptions. 
No  manure  was  applied  in  1897,  1902  and  1905,  and  in 
1898  the  amount  applied  was  at  the  rate  of  4  cords  per  acre. 
The  reason  for  the  omission  of  manure  in  the  years  men- 
tioned and  for  the  smaller  amount  in  1898  was  that  experi- 
ence indicated  that  its  application  would  cause  the  grass  and 
clover  to  lodge  badly. 

Manure  has  been  applied  to  plots  2  and  4  as  follows:  in 
1891  and  1892,  at  the  rate  of  3  cords  per  acre;  in  1898,  at 
the  rate  of  2  cords  per  acre;  while  in  1897,  1902  and  1905 
no  manure  was  applied.  In  all  other  years  the  applica- 
tion has  been  at  the  rate  of  4  cords  per  acre.  Potash  has 
been  applied  to  plots  2  and  4  at  the  rate  of  160  pounds  per 
acre  of  high-grade  sulfate  annually,  except  in  the  years  when 
no  manure  was  applied.  In  these  years  the  potash  also  was 
withheld. 

The  entire  field  was  limed  in  1900,  at  the  rate  of  1  ton 
per  acre.  The  manure  applied  has  been  that  made  by  well-fed 
milch  cows,  and  carefully  preserved.  It  has  usually  weighed 
about  3  tons  per  cord.  Both  manure  and  fertilizer  have  been 
applied  broadcast  after  plowing,  and  harrowed  in. 

The  crop  of  the  past  season  was  mixed  grass  and  clover, 
this  being  the  second  year,  as  above  indicated.  The  manure 
was  applied  with  a  spreader  on  May  2.  The  high-grade  sul- 
fate was  applied  broadcast  by  hand,  and  this  year,  by  mis- 
take, it  was  applied  to  plots  1  and  3  as  well  as  to  plots  2 
and  4. 

The  following  tables  show  the  rates  of  yield  on  the  several 
plots  and  the  averages  under  the  two  systems  of  manuring :  — 


Yields  Per  Acre,  1906  (Pounds). 


Plots. 

Hay. 

Rowen. 

3,880 

2,640 

3,200 

2.3S4 

3,592 

2,396 

3,180 

2,416 
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Average  Yields  per  Acre  (Pounds). 


Plots. 

Hay. 

Rowen. 

Plots  1  and  3  (manure 

3,736 

2,518 

Plots  2  and  4  (manure 

md  potash),  

3,190 

2,400 

It  will  be  noticed  that  the  hay  crop  on  the  combination  of 
manure  and  potash  is  less  than  on  the  larger  quantity  of 
manure  alone  in  both  cases,  the  average  difference  being  at 
the  rate  of  646  pounds  per  acre.  The  rowen  crops  are  more 
nearly  equal,  the  average  difference  amounting  to  only  118 
pounds  per  acre  in  favor  of  the  larger  application  of  manure. 
The  heavier  application  of  manure  means,  of  course,  a  larger 
application  of  nitrogen.  It  is  not  surprising,  therefore,  that 
the  first  crop,  which  includes  a  considerable  proportion  of 
timothy  and  redtop,  is  heavier  where  the  manure  is  most 
largely  used.  The  rowen  crop  is  made  up  in  much  larger 
proportion  of  clover,  and  the  proportion  of  clover  is  greater 
where  the  lesser  quantity  of  manure  and  the  potash  salt  are 
applied.  Estimating  the  manure  to  cost  on  the  land  $5  per 
cord  and  the  high-grade  sulfate  of  potash  at  the  market 
rates,  the  usual  annual  difference  in  cost  of  materials  ap- 
plied has  amounted  to  about  $6  to  $G.50  per  acre,  the  lesser 
amount  of  manure  and  potash  costing  about  that  amount  less 
than  the  larger  application  of  manure. 

This  experiment  has  now  continued  sixteen  years.  Dur- 
ing this  time  ten  corn  crops  have  been  raised.  The  average 
yields  per  plot  and  the  averages  for  the  two  systems  of 
manuring  are  shown  in  the  following  tables :  — 


Average  Yields  per  Acre. 


Plots. 

Corn 
(Bushels) . 

Stover 
(Pounds). 

62.32 

4,929 

58.48 

4,579 

Plot  3  (manure  alone),  

61.29 

4,292 

57  54 

4,104 
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Average  Yields  per  Acre  on  the  Two  Systems  of  Manuring,  Ten  Crops. 


Plots. 

Corn 
(Bushels). 

Stover 
(Pounds) . 

Plots  2  and  4  (manure  and  potash)  

61.81 
58.01 

4,611 
4,342 

It  will  be  noticed  that  the  average  yield  on  plots  2  and  4 
(lesser  manure  and  potash)  has  been  at  the  rate  of  about  3.8 
bushels  per  acre  less  than  on  the  larger  quantity  of  manure 
alone. 

During  six  years  the  experimental  acre  has  been  in  mixed 
grass  and  clover.  The  following  tables  show  the  average 
results  per  plot  and  the  averages  for  the  two  systems  of 
manuring :  — 


Average  Yields  per  Acre  of  Hay  Crop,  Six  Years  (Poimds). 


Plots. 

Hay. 

Rowen. 

5,197 

2,569 

Plot  2  (manure  and  potash),  

4,370 

2,103 

4,970 

2,546 

4,923 

2,415 

Average  Yields  per  Acre  on  the  Two  Systems 

of  Manuring,  Six  Years 

(Pounds). 

Plots. 

Hay. 

Rowen. 

2,558 

Plots  2  and  4  (manure  and  potash),  

4,647 

2,259 

It  will  be  noticed  that  the  average  difference  against  the 
lesser  quantity  of  manure  and  potash  amounts  to  a  little 
more  than  400  poimds  of  hay  and  slightly  less  than  300 
pounds  of  rowen  per  acre  annually. 

The  differences  indicated  by  the  averages  shown  in  the 
above  tables,  whether  for  corn  or  hay,  are  not  sufficient  to 
offset  the  greater  cost  of  the  heavier  application  of  manure. 
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At  the  end  of  last  year,  calculations  based  in  part  upon 
analyses,  and  in  j)art  upon  average  figures  for  the  composi- 
tion of  the  crops  raised,  gave  results  presented  in  the  follow- 
ing tables  for  the  totals  of  plant  food  applied  and  removed 
in  the  several  plots :  — 


Fertilizer  Ingredients. 


Plots. 

• 

SUPPLIED. 

REMOVED. 

N 

P.  o.-( 

K2  0 

N 

Pa  03 

K2  0 

Plot  1  (manure  alone)  

136.41 

330. G9 

511.51 

394.07 

138.74 

282.60 

Plot  2  (manure  and  potash), 

291.09 

229.98 

543.68 

361.22 

127.91 

256.64 

Plot  3  (manure  alone) ,  . 

449.96 

330.94 

500.76 

373.34 

132.10 

262.21 

Plot  4  (manure  and  potash), 

•281.10 

233.37 

549.56 

355.02 

126.26 

250.82 

It  will  be  noticed  that  on  plots  1  and  3  the  amounts  of 
nitrogen  applied  in  the  manure  show  a  moderate  excess 
above  the  amount  removed  in  the  crops.  On  the  other  hand, 
the  application  of  nitrogen  to  plots  2  and  4  (lesser  manure 
and  potash)  is  materially  less  than  the  amount  removed. 
This  result  may  have  been  rendered  possible  in  one  of  two 
ways :  first,  the  soil  on  these  plots  may  have  been  depleted  in 
part  of  its  original  store  of  nitrogen ;  second,  the  excess  may 
have  been  taken  from  the  air  by  the  clover  in  the  mixed  hay 
crops  grown  during  six  of  the  sixteen  years.  As  these  plots 
show  no  indication  of  declining  fertility,  but,  on  the  con- 
trary, appear  on  the  whole  to  be  improving  from  year  to 
year,  the  latter  is  with  little  doubt  the  correct  explanation. 

It  will  be  noticed  that  under  both  systems  of  manuring 
we  have  applied  phosphoric  acid  and  potash  in  large  excess 
above  the  amounts  removed.  In  the  case  of  plots  1  and  3, 
phosphoric  acid  has  been  applied  in  approximately  two  and 
one-half  times  the  quantity  removed;  potash,  in  rather  less 
than  twice  the  quantity  removed.  In  the  case  of  plots  2  and 
4,  phosphoric  acid  has  been  applied  in  considerably  less  than 
twice  the  quantities  removed;  potash,  in  rather  more  than 
twice  the  quantities  removed.  In  view  of  the  fact  that  nei- 
ther phosphoric  acid  nor  potash  is  supposed  to  be  lost  to  the 
soil  to  any  considerable  extent  by  leaching,  the  condition 
of  the  soil  on  all  the  plots  as  regards  the  stock  of  phosphoric 
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acid  and  potash  in  available  form  must  now  be  considerably 
better  than  at  the  beginning  of  the  experiment;  and  there 
can  be  little  doubt  that  a  lesser  application  of  these  fertilizer 
elements  in  the  immediate  future  will  prove  sufficient  to  give 
satisfactory  crops. 

VX  —  Comparison  of  Phosphates  ox  the  Basis  of  Equal 
Application  of  Phosphoric  Acid. 
The  past  season  is  the  tenth  of  this  experiment,  the  object 
of  which  is  to  determine,  as  measured  by  crop  production, 
the  relative  availability  of  different  materials  which  may  be 
used  as  sources  of  phosphoric  acid.  All  these  materials  have 
from  the  first  been  applied  in  such  quantities  as  to  furnish 
phosphoric  acid  at  the  rate  of  96  pounds  per  acre  in  the  case 
of  each  of  the  materials  under  comparison.  The  field  com- 
prises thirteen  plots,  each  containing  one-eighth  of  an  acre. 
Three  of  the  plots  have  received  no  phosphoric  acid  since 
the  experiment  began.  One  of  these  is  located  at  either  end 
of  the  field,  the  third  in  the  middle.  The  phosphates  under 
comparison  are  the  following:  apatite  (fine  ground),  South 
Carolina  rock  phosphate  (fine  ground),  Florida  soft  phos- 
phate, basic  slag  meal,  Tennessee  rock  phosphate  (fine 
ground),  dissolved  bone  black,  raw  bone  meal,  dissolved  bone 
meal,  steamed  bone  meal  and  acid  phosphate.  Materials  sup- 
plying nitrogen  and  potash  liberally  are  applied  to  each  of 
the  plots  annually,  and  in  such  quantities  as  to  furnish  nitro- 
gen at  the  rate  of  52  pounds  and  potash  at  the  rate  of  152 
pounds  per  acre.  In  the  case  of  a  few  crops  requiring  espe- 
cially high  manuring  (onions  and  cabbages),  a  supplementary 
application  of  quick-acting  nitrogen  fertilizers  has  been  made 
to  all  plots  alike.  Owing  to  the  impossibility  of  procuring 
the  material,  no  apatite  was  applied  to  plot  2  during  the  past 
season.  The  crops  which  have  been  grown  in  the  field  during 
the  progress  of  the  experiment  are  as  follows:  corn,  cab- 
bages, corn,  in  1900  two  crops,  —  oats  and  Hungarian  grass 
(both  for  hay),  onions,  onions,  cabbages,  and  mixed  grass 
and  clover.  The  field  was  seeded  in  the  spring  of  1905  with- 
out a  nurse  crop.  It  was  cut  twice  during  the  season,  but 
the  product,  largely  mixed  with  weeds,  was  not  weighed. 
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During  the  past  season  the  field  has  been  cut  twice  and  the 
product  made  into  hay.  The  following  table  gives  the  yield 
per  plot,  the  rates  of  yield  per  acre,  and  the  gain  or  loss  as 
compared  with  the  no-phosphate  plots,  both  for  the  hay  and 
rowen :  — 


Yield  per  Plot 

Yield  per  Acre 

Gain  or  Loss 

Plots. 

Fertilizers  used. 

(Pounds). 

(Pounds). 

(Pounds). 

Hay. 

Rowen. 

Hay. 

Rowen. 

Hay. 

Rowen. 

riot  i,  . 

No  phosphate, 

825 

225 

6,600 

1,800 

- 

- 

Plot  2,  . 

Apatite,  .... 

940 

215 

7,520 

1,720 

800 

—  147 

Plot  3,  . 

South  Carolina  rock  phos- 

930 

202 

7,440 

1,016 

720 

—  251 

phate. 

Plot  4, . 

Florida  soft  phosphate,  . 

950 

188 

7,600 

1,504 

880 

—  363 

Plot  5,  . 

Phosphatic  slag, 

950 

200 

7,600 

1,600 

8S0 

—  267 

Plot  6,  . 

Tennessee  phosphate, 

890 

203 

7,120 

1,624 

400 

—  243 

Plot  7,  . 

No  phosphate,  . 

875 

275 

7,000 

2,200 

Plot  8,  . 

Dissolved  hone  black, 

870 

280 

6,960 

2,240 

240 

+  373 

Plot  9,  . 

Raw  hone,  .... 

890 

250 

7,120 

2,000 

400 

+  133 

Plot  10,  . 

Dissolved  hone  meal, 

940 

319 

7,520 

2,552 

800 

+  685 

Plot  11,  . 

Steamed  hone  meal,  . 

890 

283 

7,120 

2,264 

400 

+  397 

Plot  12,  . 

Acid  phosphate, 

885 

290 

7,080 

2,320 

360 

+  453 

Plot  13,  . 

No  phosphate,  . 

820 

200 

6,560 

1,600 

It  will  be  noticed  that  both  the  first  and  second  crops  of 
hay  were  heavy,  the  first  especially  so.  This  crop  had  lodged 
considerably  before  it  could  be  cut,  and  there  is  little  doubt 
that  the  possible  increase  due  to  the  fertilizers  was  some- 
what diminished  through  the  check  in  growth  consequent 
upon  the  badly  lodged  condition.  We  do  not  find  the  appli- 
cation of  the  phosphates  to  have  apparently  influenced  the 
yield  either  of  hay  or  rowen  to  a  very  large  extent.  The 
results  are  in  harmony  with  previous  observations  upon  our 
soils,  which  have  indicated  them  to  require  relatively  small 
applications  of  phosphates  for  all  crops  except  those  belong- 
ing to  the  Crucifera?,  such  as  cabbages  and  turnips.  In  1903, 
when  this  entire  field  was  planted  to  cabbages,  the  yields 
wherever  phosphates  were  annually  applied  greatly  exceeded 
the  average  yield  on  the  no-phosphate  plots.  The  range 
on  the  several  phosphate  plots  was  from  about  two  to  five  times 
the  average  product  of  the  no-phosphate  plots.    This  year, 
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with  a  mixed  crop,  grass  and  clover,  representing  Gramineae 
and  Leguminosse,  the  largest  increase  on  any  phosphate  is 
only  about  17  per  cent.  In  other  words,  when  cabbages  were 
the  crop,  the  increase  was  in  some  instances  as  great  as  500 
per  cent.,  or  nearly  thirty  times  as  great  as  this  year. 

VII.  —  Soil  Tests. 
Two  soil  tests  have  been  carried  out  during  the  past  year, 
both  in  continuation  of  previous  tests  upon  the  same  fields. 
In  these  tests  fertilizers  have  been  applied  in  accordance 
with  the  co-operative  plan  for  soil  tests.  Each  plot  annu- 
ally receives  an  application  of  the  same  kind  or  kinds  of 
fertilizers,  and  usually  in  the  same  amounts  for  each  of  the 
plots  from  year  to  year.  Particular  attention  is  called  to 
the  fact  that  this  system  of  fertilization  is  not  expected  to 
secure  the  production  of  heavy  crops.  It  does  throw  impor- 
tant light  upon  the  specific  effects  of  the  different  leading 
elements  of  plant  food  by  themselves  and  in  combination  on 
the  crops  which  are  grown  in  succeeding  years.  Every  fer- 
tilizer used,  whether  applied  by  itself  or  in  connection  with 
one  or  both  of  the  other  fertilizer  materials,  is  always  applied 
in  the  same  quantities;  and  both  fertilizers  and  manure, 
when  the  latter  is  introduced  for  purposes  of  comparison,  are 
always  applied  broadcast  after  plowing,  and  harrowed  in 
when  a  hoed  crop  is  to  be  grown.  When  mixed  hay  is  the 
crop  the  materials  are  applied  broadcast,  and  must  of  course 
be  left  on  the  surface.  The  kinds  of  fertilizers  and  the  rates 
per  acre  are  as  follows :  — 

Nitrate  of  soda,  160  pounds,  furnishing  nitrogen. 

Dissolved  bone  black,  320  pounds,  furnishing  phosphoric  acid. 

Muriate  of  potash,  160  pounds,  furnishing  potash. 

Land  plaster,  400  pounds. 

Lime,  800  pounds. 

Manure,  5  cords. 

The  germination  of  the  soy  beans  on  the  north  acre  was 
very  irregular.  The  stand  of  plants  as  a  consequence  was 
so  uneven  that  the  results  do  not  indicate  with  any  clearness 
the  effect  of  the  different  fertilizers.  The  figures  will  not, 
therefore,  be  reported  in  detail.    The  results,  however,  clearly 
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indicated  the  beneficial  results  which  have  followed  the  use 
of  lime  in  connection  with  the  other  fertilizers. 

Soil  Test  with  Corn  (South  Acre).  —  This  acre  has  been 
used  in  soil  tests  for  eighteen  years,  beginning  in  1880. 
The  field  has  been  limed  Twice  during  this  period,  each  time 
at  the  rate  of  1  ton  to  the  acre.  The  lime  was  applied  broad- 
cast after  plowing,  and  harrowed  in.  These  applications  of 
lime  were  made  respectively  in  1899  and  in  1904. 

The  crops  for  successive  years  have  been  as  follows:  corn, 
corn,  oats,  grass  and  clover,  grass  and  clover,  corn  (followed, 
by  mustard  as  a  catch  crop),  rye,  soy  beans,  white  mustard, 
corn,  corn,  grass  and  clover,  grass  and  clover,  corn,  corn,  corn, 
grass  and  clover,  grass  and  clover.  Since  1899  this  field 
has,  therefore,  borne  eight  corn  crops.  Three  times  it  has 
been  put  into  mixed  grass  and  clover,  each  tinie  for  two 
years.  The  past  season  is  the  second  of  the  third  tw7o-year 
period.  The  season  has  been  a  fairly  favorable  one  for  grass, 
although,  as  the  soil  of  this  field  is  inclined  to  be  light,  there 
can  be  no  doubt  that  a  somewhat  heavier  yield  would  have 
been  obtained  had  the  rainfall  been  larger.  The  following 
table  shows  the  fertilizers  used  on  the  several  plots,  the  rates 
of  yield  and  the  gain  or  loss  per  acre,  compared  with  the 
nothing  plots :  — 


Grass  and  Clover.  —  South  Acre  Soil  Test,  1906. 


Plots. 

Fertilizers  used. 

Yield  per  Acre 
(Pounds). 

Gain  or  Loss  per  Acre, 
compared  with 
Nothing  Plots. 

Hay. 

Rowen. 

Hay. 

Rowen. 

Plot  1,  . 

Nitrate  of  soda,  

1,400 

520 

+  490.0 

+  220.00 

Plot  2,  . 

Dissolved  bone  black, 

760 

295 

—  150.0 

—  5.00 

Plot  3,  . 

910 

300 

Plot  4,  . 

Muriate  of  potash,  .... 

690 

440 

—  136.7 

+  131.70 

Plot  5,  . 

890 

260 

+  146.7 

—  56.70 

Plot  6,  . 

660 

325 

Plot  7,  . 

2,670 

+  2,226.7 

+  2,323.30 

Plot  8,  . 
Plot  9,  . 

Nitrate  of  soda  and  dissolved  bone 
black. 

2,200 
820 

520 
390 

+  1,433.3 

+  151.70 

Plot  10,  . 
Plot  11,  . 
Plot  12,  . 

Nitrate  of  soda  and  muriate  of  pot- 
ash. 

Dissolved  bone  black  and  muriate 
of  potash. 

2,400 
1,790 
950 

470 
1,220 
410 

+  1,536.7 
+  883.3 

+  73.33 
+  816.70 

Plot  13,  . 

640 

320 

—  310.0 

—  90.00 

Plot  14,  . 

Nitrate  of  soda,  dissolved  bone 
black  and  muriate  of  potash. 

3,000 

1,100 

+  2,050.0 

+  1,690.00 
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It  will  be  noticed  that  the  yield  on  all  the  nothing  plots 
is  extremely  small,  —  considerably  less  than  one-half  ton 
per  acre.  It  will  be  noticed,  further,  that  neither  lime  nor 
plaster  used  by  itself  produced  an  increase ;  indeed,  the  yield 
on  both  is  lower  than  the  average  yield  of  the  nothing  plots. 
Xitrate  of  soda  by  itself  produces  a  very  small  increase;  in 
combination  with  either  of  the  other  fertilizer  elements  the 
increase  is  much  larger,  but  it  is  best,  as  would  naturally  be 
expected,  in  combination  with  both  the  other  fertilizer  ele- 
ments. It  will  be  noted  that  the  use  in  combination  of  dis- 
solved bone  black  and  muriate  of  potash  gives  a  considera- 
ble increase  in  the  crop.  This  increase  shows  itself  almost 
as  plainly  in  the  rowen  as  in  the  first  crop,  as  a  consequence, 
of  course,  of  the  relatively  large  proportion  of  clover  which 
follows  continuous  use  of  materials  supplying  phosphoric 
acid  and  potash  without  nitrogen.  The  average  results  ob- 
tained in  the  six  years  during  which  this  field  has  been  in 
hay  will  be  of  interest.  They  are  shown  in  the  following 
table :  — 


Average  Increases  in  Six  Hay  and  Rowen  Crops. 


Averages 
of 

Nothings. 

Nitrate. 

Bone  Black. 

Muriate. 

Lime. 

Manure. 

a53.8 

722.5 

—  100.0 

152.6 

120.0 

2,579.2 

Rowen  

604.4 

743.3 

+  52.5 

632.0 

108.8 

2,357.2 

Totals, 

1,458.1 

1,465.8 

—  47..-) 

784.5 

228.8 

4,936.4 

Average  Increases  in  Six  Hay  and  Rowen  Crops  —  Concluded. 


Nitrate 
and 
Bone  Black. 

Nitrate 

and 
Muriate. 

Bone  Black 
and 
Muriate. 

Plaster. 

Nitrate, 
Bone  Black 
and 
Muriate. 

1,183.3 

1,474.2 

1,113.3 

—  275.5 

2,092.5 

Rowen,      .      .  '  . 

430.3 

B65.5 

952.8 

—  221.8 

878.8 

Totals, 

1,513.6 

2,089.7 

2,066.2 

—  4!>7.2 

2,970.8 

This  table  affords  conclusive  evidence  that  hay  can  be 
grown  at  a  profit  on  fertilizers  alone,  although  naturally  the 
increases  produced  by  the  very  moderate  applications  of  fer- 
tilizers used  in  this  experiment  are  not  equal  to  those  pro- 
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duced  by  the  annual  application  of  manure.  The  latter, 
however,  at  $5  per  cord  on  the  land  costs  annually  at  the 
rate  of  $25  per  acre;  the  combination  of  dissolved  bone  black 
and  muriate  of  potash  costs  annually  at  the  rate  of  about  $6 
per  acre;  while  the  annual  application  of  all  three  fertilizer 
elements  costs  at  the  rate  of  about  $10  to  $11  per  acre. 

VIII.  —  Experiment  in  Manuring  Grass  Land. 
The  plan  of  this  experiment,  which  was  begun  in  1803,  is 
fully  outlined  in  the  sixteenth  annual  report.    From  that 
report  I  quote :  — 

In  this  experiment,  which  has  continued  since  1893,  the  purpose 
is  to  test  a  system  of  using'  manures  in  rotation  for  the  production 
of  grass.  The  area  used  in  the  experiment  is  about  9  acres.  It  is 
divided  into  three  approximately  equal  plots.  The  plan  is  to  apply 
to  each  plot  one  year  barnyard  manure,  the  next  year  wood  ashes, 
and  the  third  year,  fine-ground  bone  and  muriate  of  potash.  As  we 
have  three  plots,  the  system  of  manuring'  has  been  so  arranged  that 
every  year  we  have  a  plot  illustrating  the  results  of  each  of  the  ap- 
plications under  trial.  The  rates  at  which  the  several  manures  are 
employed  are  as  follows:  barnyard  manure,  8  tons;  wood  ashes,  1 
ton;  ground  bone,  600  pounds;  and  muriate  of  potash,  200  pounds, 
per  acre.  The  manure  is  always  applied  in  the  fall;  ashes  and  the 
bone  and  potash  in  early  spring. 

The  past  season,  which  showed  a  considerable  deficiency 
in  rainfall  during  the  months  when  a  liberal  supply  of  mois- 
ture is  highly  important  for  the  hay  crop,  was  unfavorable 
to  large  yields,  and  the  product  of  the  past  season  falls  con- 
siderably below  the  average  product  for  the  period  of  the 
experiment.  The  yields  of  hay  and  rowen  and  the  total 
yields  for  each  system  of  manuring  were  at  the  following 
rates  per  acre :  — 


Fertilizers  used. 

Hav 
(Pounds) . 

Rowen 
(Pounds) . 

Total 
(Pounds). 

2,892 

1,063 

3,955 

Bone  and  potash  

2,420 

1,390 

3,816 

Wood  ashes,  

2,932 

1,240 

4,172 
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The  average  for  the  entire  area  this  year  was  4,002  pounds. 
The  average  yield  of  the  entire  area  from  1893  to  1905,  in- 
clusive, was  6,572  pounds.  Including  the  crop  of  the  past 
season,  the  average  for  the  entire  period,  1893  to  the  present 
time,  is  6,389  pounds.  The  average  yields  to  date  under  the 
different  systems  of  top-dressing  have  been  as  follows :  — 

Pounds  per  Acre. 

When  top-dressed  with  manure,  ....  6,658 
When  top-dressed  with  wood  ashes,  .  .  .  6,059 
When  top-dressed  with  bone  and  potash,  .       .       .  6,331 

IX.  —  Experiment  in  the  Application  of  Manure. 

This  experiment  was  planned  to  be  continued  through  a 
series  of  years,  with  a  view  to  throwing  light  upon  the  ques- 
tion as  to  the  best  method  of  handling  farm  manures.  The 
field  in  use  has  an  area  of  a  little  less  than  three  acres,  and 
slopes  moderately  to  the  west.  It  had  been  divided  into  five 
plots  a  number  of  years  previous  to  the  beginning  of  this 
experiment,  for  the  comparison  of  different  fertilizers.  Each 
of  these  five  plots  was  subdivided  into  two  sub-plots.  To  one 
of  these  sub-plots  in  each  of  the  five  pairs  the  manure  is  ap- 
plied during  the  winter,  being  spread  upon  the  surface  as  it 
is  hauled  to  the  field ;  to  the  other  sub-plot  in  each  of  the  five 
pairs  the  manure  as  it  is  hauled  is  put  into  a  large,  compact 
heap.  The  manure  used  is  carefully  preserved,  from  well- 
fed  dairy  cows  on  four  of  the  pairs  of  plots  (1,  2,  3  and  4), 
and  purchased  stable  manure  from  horses  on  one  pair  of  plots 
(5).  The  experiment  is  so  managed  that  all  the  manure  is 
hauled  for  a  single  pair  of  plots  at  one  time,  usually  during 
a  single  day,  or  at  most  within  two  days.  To  insure  even 
quality  of  the  manure  on  the  two  sub-plots,  loads  are  placed 
alternately  on  the  north  half,  where  it  is  spread  as  hauled; 
and  on  the  south  half,  where,  as  has  been  stated,  it  is  put  into  a 
large  heap.  The  land  has  usually  been  plowed  late  in  the  fall. 
The  manure  has  usually  been  applied  to  the  two  sub-plots  1 
early  in  the  winter;  to  the  sub-plots  2,  3  and  4  respectively 
at  intervals  each  about  one  month  later  than  the  preceding. 
The  manure  which  is  placed  in  the  heaps  remains  there  until 
it  is  time  to  prepare  the  soil  for  planting  in  the  spring.  It 
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is  then  spread,  and  as  soon  as  convenient  the  entire  area, 
including  both  the  winter  and  the  spring  applications,  is 
plowed.  It  is  estimated  that  the  double  handling  of  the 
manure  required  in  the  case  of  that  portion  which  is  applied 
in  the  spring  costs  at  the  rate  of  $4.80  per  acre  more  than 
the  single  handling  where  the  manure  is  spread  when  hauled 
during  the  winter. 

The  experiment  was  begun  in  1899 ;  the  present  season, 
therefore,  is  the  eighth  during  which  the  experiment  has  been 
continued.  The  crop  of  the  past  season  was  corn.  Fourteen 
different  varieties  of  seed  were  used.  The  different  plots, 
however,  were  so  planted  that  each  contained  equal  areas  of 
each  variety.  The  fact  that  a  number  of  varieties  was  used 
is  mentioned  only  because  it  is  a  partial  explanation  of  the 
fact  that  the  yield  in  this  field  is  considerably  lower  than  is 
usual  in  this  vicinity  on  well-manured  land.  This  inferiority 
in  yield  was  due  to  the  fact  that  many  of  the  varieties  which 
we  had  been  asked  to  test  by  the  United  States  Department 
of  Agriculture  proved  comparatively  worthless.  The  rates 
of  yield  per  acre  and  the  relative  standing  of  the  several 
plots  are  shown  in  the  following  tables :  — 


Corn  and  Stover.  —  Actual  Yields  (Bales  per  Acre). 


Plots. 

North  Half, 
Winter  Application. 

South  Half, 
Spring  Application. 

Stover 
(Pounds) . 

Hard  Corn 
(Bushels) . 

Soft  Corn 
(Bushels) . 

Stover 
(Pounds). 

Hard  Corn 
(Bushels). 

Soft  Corn 
(Bushels). 

36.43 

5.86 

3,961 

38.61 

5.65 

Plot  2  

3,414 

30.50 

4.64 

3,893 

37.48 

4.99 

Plot  3  

3,563 

35.72 

5.34 

3,847 

38.73 

5.05 

Plot  4,  . 

3,171 

32.13 

5.01 

3,143 

29.95 

5.61 

31.22 

4.32 

3,457 

31.91 

4.13 

Corn  and  Stover.  —  Relative  Yields  (Per  Cent.). 


Plots. 

North  Half, 
Winter  Application. 

South  Half, 
Spring  Application. 

Stover. 

Hard  Corn. 

Stover. 

Hard  Corn. 

100 

100 

105.7 

104.7 

100 

100 

114.0 

122.9 

100 

100 

107.8 

108.4 

100 

100 

99.1 

93.2 

Plot  5,  

100 

100 

101.6 

102.2 
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It  will  be  noticed  that  in  every  instance  the  spring  appli- 
cation of  manure  has  given  a  larger  yield  both  of  stover  and 
of  hard  corn  than  the  winter  application,  except  on  plot  4. 
This  exception,  in  our  judgment,  is  due  to  the  fact  that  dur- 
ing the  early  part  of  the  season  it  was  comparatively  rainy, 
and  a  part  of  the  area  on  the  south  half  of  plot  4  was  over 
wet,  so  that  the  seed  germinated  imperfectly.  The  results 
of  this  year,  then,  although  naturally  not  showing  precise 
numerical  agreement,  are  in  entire  accord  with  those  ob- 
tained in  1905.  During  the  entire  period  that  the  experi- 
ment has  continued  the  results  as  a  rule  have  been  similar. 

It  has  been  noticed  that  the  degree  of  superiority  of  the 
crops  on  the  sub-plots  where  the  manure  was  spread  in  the 
spring  has  varied  with  the  character  of  the  preceding  winter. 
There  is  evidently  some  loss  in  manurial  value  through  the 
exposure  of  the  manure  throughout  the  winter,  and  this  loss 
is  probably  for  the  most  part  due  to  wash  over  the  frozen 
ground  during  the  winter  or  early  spring.  It  has  been  found 
that  in  a  season  following  a  cold  winter,  where  snow  has 
covered  and  protected  the  manure  during  practically  all  the 
time,  and  where  there  has  been  a  minimum  of  water  flowing 
over  the  surface,  the  winter-applied  manure  has  given  results 
closely  approaching  those  uj">on  the  manure  applied  in  the 
spring.  It  is  manifestly  impossible  to  foresee  the  character 
of  the  approaching  winter  months,  and  so  there  must  always 
be  a  degree  of  uncertainty  as  to  results.  Taken  as  a  whole, 
however,  the  differences  obtained  in  our  experiments  in  favor 
of  spring  application  have  been  relatively  small,  and  during 
a  large  proportion  of  the  time  insufficient  in  value  to  cover 
the  extra  cost  of  the  double  handling. 

In  estimating  the  significance  of  our  results,  it  should  be 
kept  in  mind  that  the  field  on  which  these  experiments  have 
been  tried  has  a  considerable  slope.  It  is,  therefore,  of  such 
a  character  as  is  favorable  to  considerable  waste  through  sur- 
face wash,  whenever  the  conditions  are  such  as  to  make  such 
wash  possible.  It  is  not  believed  that  on  land  which  is  sub- 
stantially level,  and  which  can  be  fall  plowed,  the  amount 
of  waste  due  to  the  exposure  incident  to  surface  application 
in  winter  will  be  sufficiently  great  to  make  it  good  farm 
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economy  to  give  the  manure  the  double  handling  involved  in 
the  spring  application.  If  the  storage  for  manure  is  suffi- 
cient, so  that  it  can  be  safely  held  where  made  until  spring, 
application  at  that  season  will  undoubtedly  be  safest  on  most 
of  our  Xew  England  farms,  where  the  surfaces  of  the  fields 
are  usually  far  from  level.  With  level  fields,  on  the  other 
hand,  application  of  manure  during  the  winter  would  seem 
to  be  the  better  farm  practice. 

X.  —  Xjtrate  of  Soda  for  Rowen. 
The  station  has  been  experimenting  for  a  number  of  years, 
with  a  view  to  noting  whether  nitrate  of  soda  applied  soon 
after  the  first  crop  is  cut  will  give  a  profitable  increase  in 
the  rowen  crop.  The  field  in  which  most  of  our  experiments 
have  been  tried  was  seeded  to  pure  timothy  in  the  fall  of 
1897.  The  crop  is  now  considerably  mixed  writh  clover 
(mostly  white),  which  has  been  gradually  coming  in.  For 
the  first  crop  we  apply  fertilizers  at  the  following  rates  per 
acre:  nitrate  of  soda,  150  pounds;  muriate  of  potash,  200 
pounds;  fine-ground  bone,  400  pounds.  The  total  area  of 
the  field  is  a  little  more  than  three  acres.  The  rate  of  yield 
of  the  first  crop  this  year  wras  3,153  pounds  per  acre,  which 
is  considerably  less  than  the  average  product  since  the  field 
was  seeded.  For  the  purpose  of  the  experiment  with  nitrate 
of  soda,  eight  equal  plots  have  been  laid  off,  each  containing 
almost  exactly  one-third  of  an  acre.  During  the  past  six 
years  alternate  plots  in  this  series  of  eight  have  annually 
received  a  top-dressing  of  nitrate  of  soda.  For  the  past  three 
years,  in  order  that  this  may  be  more  uniformly  spread,  we 
have  mixed  the  nitrate  of  soda  for  each  plot  with  such  a 
quantity  of  basic  slag  meal  as  to  constitute  an  application 
of  the  latter  at  the  rate  of  400  pounds  per  acre.  To  equalize 
conditions  on  the  alternate  plots  to  which  no  nitrate  is  ap- 
plied, the  slag  meal  is  applied  to  all  of  these  at  the  same 
rate.  The  application  of  fertilizers  to  the  several  plots 
and  the  rates  of  yield  per  acre  are  shown  in  the  following 
table :  — 
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Nitrate  of  Soda  for  Bowen. 


Plots. 

Fertilizers  ubkd  (Rates  per  Acre)  . 

Yield 
(Pounds) . 

Increase 
1  er  Acre 
(Pounds;. 

Plot  1, 

1,535 

Plot  2, 

Slag  meal,  400  pounds ;  nitrate  of  soda,  150  pounds, 

2,590 

1,074 

Plot  3, 

1,496 

Plot  4, 

Slag  meal,  400  pounds ;  nitrate  of  soda,  150  pounds, 

2,148 

592 

Plot  5, 

Plot  6, 

Slag  meal,  400  pounds ;  nitrate  of  soda,  200  pounds, 

2,648 

1,027 

Plot  7, 

1,627 

Plot  8, 

Slag  meal,  400  pounds ;  nitrate  of  soda,  250  pounds, 

3,614 

1,987 

The  nitrate  of  soda  has  in  every  instance  given  a  consider- 
able increase,  —  more  than  enough  in  every  instance  to  cover 
the  cost  of  the  nitrate  applied.  As  was  pointed  out  last  year, 
however,  it  is  not  believed  that  the  large  increase  on  plot  8 
is  altogether  due  to  the  nitrate  used,  for  evidently  the  mois- 
ture conditions  on  this  plot  are  rather  better  than  on  plot  7, 
with  which  it  is  compared.  Of  the  six  trials  of  nitrate  of 
soda  for  rowen  which  have  been  completed,  three  have  shown 
increases  sufficiently  large  to  make  the  application  profitable, 
while  in  the  other  trials  the  application  was  made  at  a  loss. 
As  is  natural,  the  result  of  an  application  of  nitrate  for 
rowen  varies  widely  with  the  season.  When  such  an  appli- 
cation is  followed  by  a  sufficient  and  well-distributed  rainfall, 
it  gives  a  very  profitable  increase  in  the  crop;  but  when  the 
weather  succeeding  the  application  is  dry,  the  nitrate  is 
relatively  non-effective.  It  is  of  course  impossible  to  fore- 
see the  nature  of  the  weather  which  will  follow  the  use  of 
nitrate.  It  would  appear,  however,  that  there  is  at  least  an 
equal  chance  that  a  moderate  application  will  give  a  good 
margin  of  profit.  Close  observation  of  the  field  in  which 
this  experiment  has  been  tried  indicates  that  where,  owing 
to  succeeding  relatively  dry  weather,  the  nitrate  proves  in- 
effective for  the  immediately  succeeding  crop  of  rowen,  it 
will,  nevertheless,  on  this  fairly  compact  loam  be  retained 
by  the  soil  in  sufficient  quantity  to  favorably  influence  the 
hay  crop  of  the  following  season.  We  have  as  yet,  however, 
no  figures  that  can  be  presented  which  demonstrate  this  fact. 
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XL  —  Variety  Test,  Potatoes. 
During  the  past  season  we  have  carried  out  the  second 
year's  trial  with  twenty-five  varieties  of  potatoes.  The  seed 
used  in  making  these  trials  was  all  of  our  own  production, 
and  was  kept  under  similar  conditions  throughout  the  win- 
ter. The  soil  in  which  the  varieties  were  planted  is  a  me- 
dium loam,  which  was  used  for  corn  in  1905.  It  received  a 
liberal  application  of  commercial  fertilizers.  The  varieties 
under  trial,  the  area  planted  to  each,  the  actual  yields  for  each 
and  the  rate  per  acre  are  shown  in  the  following  table :  — 


Variety. 

Area 
planted 
(Acres) . 

Yield  per  Plot 
(Pounds)  . 

Yield  per  Acre 
(Bushels). 

Large. 

Small. 

Large. 

Small. 

.0104 

52.00 

16.©0 

83.33 

25.64 

0104 

98.00 

5.50 

157.05 

8.81 

.0104 

126.75 

7.50 

203.13 

11.91 

,0104 

108.75 

15.00 

174.28 

24.04 

0104 

112.50 

8.50 

180.16 

13.62 

Great  Divide,  

,0104 

82.50 

11.50 

132.21 

18.43 

100.00 

16.25 

160.26 

26.04 

84.50 

18.00 

135.32 

28.85 

Extra  Early  White  Rose,  . 

.0104 

105.50 

7.25 

169.07 

11.62 

66.75 

2.00 

106.97 

3.21 

106.00 

14.50 

169.87 

23.24 

Vermont  Gold  Coin  

.0104 

99.25 

11.25 

159.06 

18.03 

127.00 

17.00 

203.52 

27.24 

59  25 

5.00 

94.95 

8.01 

119.00 

11.75 

190.71 

18.83 

Dewey  

.0052 

59.50 

4.00 

190.70 

12.84 

Hammond's  Wonderful,  . 

.0052 

63.25 

6.00 

202.72 

19.26 

35.50 

5.00 

U3.78 

16.01 

36.50 

1.50 

116.99 

4.81 

Uncle  Gideon's  Quick  Lunch,  . 

.0052 

20.75 

10.50 

66.51 

33.65 

30.75 

5.00 

98.56 

16.01 

48.00 

4.25 

lo3.85 

13.62 

63.50 

5.50 

201.92 

17.62 

18.00 

2.00 

115.38 

12.82 

Mills'  New  Rose  Beauty,  . 

.0026 

17.25 

3.25 

110.58 

20.83 
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It  will  be  seen  that  most  of  the  varieties  gave  a  fairly 
satisfactory  yield.  Four  only  gave  a  yield  of  merchantable 
tubers  in  excess  of  200  bushels;  these,  in  the  order  of  their 
rank,  were:  Climax,  Chenango  White,  Hammond's  Wonder- 
ful and  Simmon's  Model.  Four  varieties  gave  a  yield  at 
the  rate  of  less  than  100  bushels  of  merchantable  tubers  per 
acre;  these,  in  the  order  of  their  inferiority,  were:  Uncle 
Gideon's  Quick  Lunch,  Good  as  Gold,  Short  Seasons  and 
Xoroton  Beauty. 

The  seed  of  all  the  varieties  was  treated  with  formalin, 
and  the  product  was  free  from  scab.  .  They  were  twice 
sprayed  with  Bordeaux  mixture.  The  varieties  showing 
blight  earliest  were  Good  as  Gold,  Uncle  Gideon's  Quick 
Lunch  and  Xoroton  Beauty.  All  the  vines  of  these  varieties 
were  dead  on  August  14,  on  which  date  Salzer's  Sunlight, 
Climax  and  Clark's  Pride  were  beginning  to  show  blight. 
The  six  varieties  named  were  the  only  ones  apparently  much 
affected.  Among  these  varieties,  all  except  Climax  gave  a 
small  yield,  those  earliest  blighted  being  among  the  very 
poorest. 

XII.  —  Poultry  Experiments. 

The  poultry  work  of  the  past  year  has  been  a  repetition 
of  the  feeding  experiments  of  the  preceding  year.  These 
experiments  had  indicated :  first,  that,  provided  fat  is  abun- 
dant in  the  ration,  high  protein  content  is  not  essential ; 
second,  that,  if  the  fat  content  of  the  ration  is  low,  a  large 
proportion  of  protein  in  the  feeds  used  appears  to  be  much 
more  essential ;  and  third,  that  a  large  proportion  of  fiber 
in  the  ration  used  is  unfavorable  to  a  good  egg  product. 
The  fowls  used  in  the  experiment  this  year,  as  last,  were 
pullets  of  our  own  raising;  and  in  comparing  different  food 
combinations,  carefully  matched  flocks  have  been  kept,  as  in 
former  years,  each  in  a  house  by  itself,  all  the  houses  being 
of  precisely  similar  dimensions  and  construction. 

1.  The  fowls  in  houses  Nos.  1  and  2  have  been  fed  on 
rations  characterized  by  high  content  both  of  ash  and  fat 
and  low  fiber.  As  wheat  is  relatively  deficient  in  fat;,  the 
ration  in  which  it  is  largely  used  received  an  addition  of 
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corn  oil.  This  is  mixed  with  the  grains  in  the  mash  in  such 
quantities  that  the  total  amount  of  fat  in  the  two  food  com- 
binations  under  comparison  is  substantially  the  same  for 
each.  This  experiment,  therefore,  in  a  general  way  affords 
opportunity  to  test  the  relative  value  for  egg  production  of  a 
ration  relatively  high  in  protein  (the  one  containing  a  large 
proportion  of  wheat)  with  one  relatively  low  in  protein 
(containing  a  large  proportion  of  corn).  The  nutritive  ratio 
of  the  ration  used  in  house  ~No.  1,  which  may  be  denomi- 
nated "  the  wheat  ration,"  is  narrow,  —  1  to  4.57.  The 
ration  used  in  house  Xo.  2,  which  may  be  called  "  the  corn 
ration,"  has  a  relatively  wide  nutritive  ratio,  —  1  to  about 
6.5.  The  animal  food  used  in  both  these  rations  was  beef 
scraps.  The  following  results  were  obtained.  For  the  first 
period,  January  25  to  April  28,  inclusive,  the  wheat  ration 
produced  eggs  at  the  average  rate  of  .48  per  hen  day;  the 
corn  ration,  at  the  rate  of  .54  per  hen  day.  For  the  second 
period,  April  28  to  September  5,  inclusive,  the  wheat  ration 
produced  eggs  at  the  average  rate  of  .37  per  hen  day;  the 
corn  ration,  at  the  rate  of  .39.  In  other  words,  100  hens, 
if  laying  at  the  same  rates,  would  have  produced  during  the 
winter  period  48  eggs  per  day  on  the  wheat  ration  and  54 
eggs  per  day  on  the  corn  ration;  during  the  summer  period, 
37  eggs  per  day  on  the  wheat  ration  and  39  eggs  per  day  on 
the  corn  ration.  The  average  food  cost  per  egg  produced 
was:  for  the  wheat  ration  .96  cents,  and  for  the  corn  ration 
.73  cents,  for  the  first  period;  while  for  the  second  period 
the  food  cost  per  egg  on  the  wheat  ration  was  1.01  cents  and 
on  the  corn  ration  .82  cents.  The  gross  cost  of  the  food  on 
the  wheat  ration  varied  from  about  .37  cents  to  .42  cents  per 
day  for  each  fowl,  while  on  the  corn  ration  the  cost  varied 
from  .31  cents  to  .36  cents  per  day.  The  number  of  eggs 
on  the  corn  ration,  as  will  have  been  noted,  was  considerably 
more  than  on  the  other.  The  cost  per  egg  was  smaller  and 
the  daily  cost  per  fowl  was  smaller.  The  results  of  the  past 
year  are  in  exact  accord  with  those  obtained  in  similar  ex- 
periments in  earlier  years.  Our  egg  production  with  these 
pens  of  fowls  must  be  regarded  as  fairly  satisfactory,  and 
it  seems  impossible  to  doubt  that  corn  judiciously  used  in 
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combination  with  other  foods  has  superior  merits  for  egg 
production  as  compared  with  wheat. 

2.  The  rations  fed  to  the  fowls  in  houses  NTos.  3  and  4 
were  relatively  high  in  ash  and  low  in  fiber.  Milk  albumen 
was  the  animal  food  used.  This  was  selected  on  account  of 
the  low  percentage  of  fat  it  contains,  and  the  rations  fed  to 
the  fowls  in  both  of  these  houses  were  characterized  by  much 
lower  fat  contents  than  the  rations  fed  to  the  fowls  in  houses 
Nos.  1  and  2.  As  in  the  experiment  previously  described, 
the  fat  content  of  the  two  rations  used  in  houses  Nos.  3  and 
4  was  equalized  by  the  addition  of  corn  oil  to  the  one  nat- 
urally lower  in  fat.  Wheat  was  the  leading  grain  in  the 
ration  fed  to  the  fowls  in  house  No.  3  ;  corn  the  leading  whole 
grain  fed  in  the  other  house,  N"o.  4.  The  results  with  the 
fowls  in  these  houses,  like  the  results  obtained  in  houses  Nos. 
1  and  2,  afford  a  basis  for  estimating  the  relative  value  of 
wheat  and  corn,  but  with  a  relatively  low  percentage  of  fat 
in  both.  The  nutritive  ratios  used  in  this  experiment  were, 
for  the  ration  containing  wheat,  1  to  4.54;  for  the  ration 
containing  corn,  1  to  6.28.  The  egg  product  in  this  experi-. 
ment  was  as  follows:  for  the  first  period,  January  25  to 
April  28,  inclusive,  for  the  wheat  ration  .40  and  for  the  corn 
ration  .47  eggs  per  hen  day;  for  the  summer  period,  April 
28  to  September  5,  inclusive,  for  the  wheat  ration  .35  and 
for  the  corn  ration  .46  eggs  per  hen  day.  In  other  words, 
100  fowls,  laying  at  similar  rates,  would  have  produced  on 
the  wheat  ration  49  eggs  per  day  during  the  winter  period 
and  35  eggs  per  day  during  the  summer  period.  On  the 
corn  ration,  the  same  number  of  fowls  would  have  laid  47 
eggs  per  day  during  the  winter  period  and  46  eggs  per  day 
during  the  summer  period.  It  will  be  noticed  that  the  result 
in  the  winter  experiment  is  favorable  to  the  ration  contain- 
ing the  wheat.  In  tihe  summer,  on  the  other  hand,  it  is 
favorable  to  the  ration  containing  the  corn.  In  the  experi- 
ments reported  last  year  the  numbers  of  eggs  both  in  the 
winter  and  in  the  summer  period  were  greater  on  the  wheat 
ration,  although  the  cost  per  egg  was  less  on  the  corn  than 
on  the  wheat.  In  the  experiments  of  the  past  year  the  gross 
cost  of  food  per  egg  produced  on  the  wheat  ration  has  been 
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.96  cents  both  for  the  winter  and  summer  periods.  The 
gross  cost  of  food  per  egg  on  the  corn  ration  for  the  winter 
period  was  .86  cents  and  for  the  summer  period  .74  cents. 
This  year,  as  last,  therefore,  the  food  cost  per  egg  has  been 
less  on  the  corn  than  on  the  wheat.  It  is  not  easy  to  under- 
stand why  the  results  as  measured  by  the  number  of  eggs 
produced  in  one  instance  should  have  been  favorable  to  the 
wheat  and  in  the  other  to  the  corn,  but  it  may  be  that  the 
difference  in  the  average  temperature  of  the  two  seasons  in 
part  accounts  for  it.  It  will  be  remembered  that  both  ra- 
tions in  this  experiment  are  low  in  fat.  One  of  the  prod- 
ucts of  protein  metabolism  in  the  animal  body  is  fat,  and  fat, 
as  is  well  understood,  is  the  most  effective  heat  producer. 
The  higher  protein  content  of  the  ration  containing  the  more 
wheat  may  have  proved  serviceable,  therefore,  in  enabling 
the  fowls  the  better  to  maintain  normal  body  temperatures 
during  the  cool  weather.  True,  it  is  generally  asserted  that 
corn  may  be  used  more  freely  as  a  food  for  laying  fowls  in 
winter  than  in  summer.  It  will  be  remembered,  however, 
that  in  this  experiment  the  fat  content  of  the  wheat  ration 
was  made  equal  to  that  of  the  corn  ration  by  the  addition 
of  corn  oil.  It  would  seem,  therefore,  that,  while  the  results 
in  the  two  periods  this  year  are  not  in  exact  agreement,  they 
nevertheless  in  a  general  way  support  the  conclusion  which 
has  previously  been  tentatively  suggested,  viz. :  that,  unless 
the  fat  content  of  the  ration  is  relatively  high,  the  more 
starchy  foods  are  not  sufficient  to  produce  a  satisfactory  egg 
yield,  and  the  product  falls  below  that  obtained  from  feed- 
ing a  ration  higher  in  protein. 

3.  The  fowls  in  houses  Nos.  5  and  6  received  rations  in 
both  cases  characterized  by  low  protein,  high  ash  and  high 
fat  content.  The  deficiency  in  fat  in  the  grains  selected  was 
made  up  by  the  use  of  corn  oil  mixed  with  the  meals  used  in 
the  mash,  as  in  the  other  experiments.  The  fowls  in  house 
No.  5  were  fed  grains,  including  oats  and  oat  feed,  charac- 
terized by  a  high  proportion  of  fiber.  Those  in  house  No.  6 
were  fed  grains  among  which  rice,  which  is  characterized  by 
a  very  low  percentage  of  fiber,  was  prominent.  The  object 
in  this  experiment  was  to  get  light  regarding  the  influence 
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of  fiber  in  the  ration  on  egg  production.  The  nutritive  ratio 
in  the  two  houses  was  kept  substantially  the  same,  about  1 
to  6.5.  The  animal  food  used  in  these  houses  was  beef  scraps. 
The  results  were  as  follows:  For  the  winter  period,  January 
25  to  April  28,  inclusive,  the  egg  production  was:  for  the 
oat  ration  (high  fiber),  .32  per  hen  day;  for  the  rice  ration 
(low  fiber),  .46.  For  the  summer  period,  April  28  to  Sep- 
tember 5,  inclusive,  the  egg  production  was:  for  the  oat 
ration  (high  fiber),  .32;  and  for  the  rice  ration  (low  fiber), 
.37  per  hen  day.  In  other  words,  100  fowls,  laying  at  the 
same  rates,  would  have  produced  daily  during  the  winter 
period,  on  the  oat  ration,  32  eggs;  on  the  rice  ration,  46  eggs; 
during  the  summer  period,  on  the  oat  ration,  32  eggs ;  on 
the  rice  ration,  37  eggs.  The  food  cost  of  the  eggs  was 
greater  on  the  rice  ration  than  on  the  oat  ration.  As  has 
been  pointed  out  in  earlier  reports,  rice,  on  account  of  its 
high  price,  cannot  as  a  rule  be  economically  used  as  a  food 
for  laying  fowls.  It  is  used  in  this  experiment  because 
of  its  exceptionally  low  fiber  content.  The  results  of  the 
past  year  are  in  exact  accord  with  all  earlier  experiments 
testing  this  point.  A  large  proportion  of  fiber  in  a  ration 
for  laying  fowls  seems  to  be  highly  unfavorable  to  a  satisfac- 
tory egg  product. 
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EEPOKT  OF  THE  CHEMIST. 


DIVISION  OF  FERTILIZERS  AND  FERTILIZER 
MATERIALS. 


CHARLES  A.  GOESSMAXN. 
Assistants:  HENRI  D.  HASKTNS,  EDWARD  G.  PROULX,  E.  T.  LADD. 


Part  I.  —  Report  on  Official  Inspection  of  Commercial  Ferti- 
lizers. 

Part  II.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


Part  I.  —  Keport  ox  Official  Inspection  of 
Commercial  Fertilizers  axd  Agricultural 
Chemicals  durixg  the  Seasox  of  1906. 


CHARLES  A.  GOESSMAXX. 


The  total  number  of  manufacturers,  importers  and  deal- 
ers in  commercial  fertilizers  and  agricultural  chemicals  who 
have  secured  licenses  during  the  past  season  is  64 ;  of  these, 
40  have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  11  in  New  York,  S  in  Connecticut,  3  in  Ver- 
mont, 2  in  Ohio,  1  in  Rhode  Island,  1  in  Maryland,  1  in 
Tennessee,  1  in  Arkansas,  1  in  Missouri,  1  in  Canada,  1  in 
New  Jersey  and  1  in  Pennsylvania. 

Three  hundred  and  fifty-four  brands  of  fertilizers  and 
chemicals  have  been  licensed  in  Massachusetts  during  the 
year.    Five  hundred  and  thirty-three  samples  of  fertilizers 
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have  been  collected  up  to  December  10  in  our  general  mar- 
kets by  an  experienced  assistant  in  this  department. 

Four  hundred  and  ninety-seven  samples  of  officially  col- 
lected fertilizers  have  been  analyzed  at  the  present  date  (De- 
cember 10),  representing  323  distinct  brands  of  fertilizers. 
Some  of  these  analyses  were  published  in  our  July  bulletin 
Xo.  Ill;  the  others  will  be  published  in  our  January  bulle- 
tin. The  analyses  of  other  officially  collected  samples  of 
fertilizers,  not  included  in  these  two  publications,  will  be 
published  in  our  March  bulletin  for  1907.  Twenty-eight 
more  brands  of  fertilizers  were  licensed  in  Massachusetts 
during  the  year  than  in  1905,  and  10  more  have  been  analyzed 
than  during  the  past  year. 

The  following  table  shows  the  general  character  of  the 
fertilizers  analyzed  during  1906,  as  compared  with  the  pre- 
vious year : — 


IMS. 

1906. 

(a)  Where  three  essential  elements  of  plant  food  were  guaranteed 

(complete  fertilizers) :  — 

Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 

11 

9 

Number  with  two  elements  above  the  highest  guarantee, 

15 

22 

Number  with  one  element  above  the  highest  guarantee,  .... 

59 

71 

Number  with  three  elements  between  the  hignest  and  lowest  guarantee, 

100 

106 

Number  with  two  elements  between  the  highest  and  lowest  guarantee, 

74 

71 

Number  with  one  element  between  the  highest  and  lowest  guarantee, 

24 

41 

Number  with  three  elements  below  the  lowest  guarantee, 

1 

0 

Number  with  two  elements  below  the  lowest  guarantee, 

14 

14 

Number  with  one  element  below  the  lowest  guarantee,  .... 

48 

45 

(6)  Where  two  essential  elements  of  plant  food  were  guaranteed 

(bones,  tankage,  fish  and  ashes) :  — 

Number  witli  two  elements  above  the  highest  guarantee, 

5 

3 

Number  with  one  element  above  the  highest  guarantee,  .... 

22 

20 

Number  with  two  elements  between  the  lowest  and  highest  guarantee, 

12 

7 

Number  with  one  element  between  the  lowest  and  highest  guarantee, 

14 

18 

Number  with  two  elements  below  the  lowest  guarantee, 

2 

4 

Number  with  one  element  below  the  lowest  guarantee  

13 

8 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed 

(chemicals) :  — 

11 

13 

Number  between  the  lowest  and  highest  guarantee,  .... 

13 

13 

Number  below  the  lowest  guarantee,  

10 

13 

The  quality  of  the  officially  collected  fertilizers  for  1906, 
as  shown  by  the  above  table,  shows  a  gain  over  the  previous 
year. 
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Trade  Values  of  Fertilizing  Ingredients  in  Raw  Materials  and  Chemicals, 
1905  and  1900  {Cents  per  Pound). 


1903. 

1906. 

Nitrogen  in  ammonia  salts,  

17.50 

17.50 

Nitrogen  in  nitrates  

17.00 

16.50 

Organic  nitrogen  in  dry  and  fine  ground  fish,  meat,  blood,  and  in 

high-grade  mixed  fertilizers  

18.50 

18.50 

18.00 

Organic  nitrogen  in  coarse  bone  and  tankage,  

13.00 

13.00 

Phosphoric  acid  soluble  in  water  

4.50 

4.50 

Phosphoric  acid  soluble  in  ammonium  citrate,  

4. CO 

4.00 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage  

4.00 

4.00 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes, 

4.00 

4.00 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage,  

3.00 

3.00 

Phosphoric  acid  insoluble  (in  water  and  neutral  citrate  of  ammonia) 

Potash  as  sulphate  (free  from  chlorides),  

5.00 

5.00 

Potash  as  carbonate,  

8.00 

8.00 

A  comparison  of  the  market  cost  of  the  various  forms  in 
which  the  three  essential  elements  of  plant  food  are  found 
shows  the  nitrogen  in  the  form  of  nitrates  to  be  a  half-cent 
lower  in  cost  than  for  the  previous  year ;  the  cost  of  the  other 
forms  of  nitrogen,  as  well  as  the  various  sources  of  potash 
and  phosphoric  acid,  remains  the  same  as  for  1905. 

The  above  schedule  of  trade  values  was  adopted  by  repre- 
sentatives of  the  Massachusetts,  Connecticut,  Rhode  Island, 
Maine,  Vermont  and  Xew  Jersey  experiment  stations,  at  a 
conference  held  during  the  month  of  February,  1906,  and 
is  based  upon  the  condition  of  the  fertilizer  market  in  centers 
of  distribution  in  Xew  England,  Xew  York  and  Xew  Jersey 
during  the  six  months  preceding  March,  1906,  and  refers 
to  the  current  market  prices,  in  ton  lots,  of  the  leading  stand- 
ard raw  materials  which  furnish  nitrogen,  phosphoric  acid 
and  potash,  and  which  enter  largely  into  the  manufacture  of 
our  commercial  fertilizers. 

Table  A,  on  a  following  page,  gives  the  average,  composi- 
tion of  licensed  commercial  fertilizers  for  1906. 

Table  B  gives  a  compilation  of  analyses  of  the  so-called 
special  crop  fertilizers,  and  shows  the  wide  variation  in  the 
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chemical  composition  of  this  class  of  goods,  the  variation  in 
some  cases  amounting  to  10  or  12  per  cent,  in  some  one  ele- 
ment of  plant  food  which  is  recommended  and  used  by  dif- 
ferent manufacturers  in  compounding  a  fertilizer  for  some 
special  crop.  This  is  proof  positive  that  the  purchaser  of 
commercial  fertilizers  must  have  some  more  reliable  method 
of  selecting  his  fertilizers  than  by  using  the  manufacturers' 
trade  names,  which,  being  so  contradictory,  confuse  rather 
than  aid  the  intelligent  buyer.  No  infallible  rule  can  be 
laid  down  in  selecting  a  fertilizer,  as  so  much  depends  upon 
the  method  of  crop  rotation,  the  kind  of  farming  in  practice, 
and  general  soil  conditions  and  requirements.  The  user  of 
commercial  fertilizers  will,  however,  make  no  mistake  in  se- 
lecting a  high-grade  fertilizer;  but  whether  to  select  a  fer- 
tilizer containing  a  high  percentage  of  some  one  element  of 
plant  food,  and  how  to  be  guided  in  this  matter,  must  rest 
with  the  individual  consumer.  The  plant  food  requirements 
of  different  soils,  as  well  as  different  crops,  vary  widely ;  and 
the  farmer  must  discover  what  particular  fertilizing  element 
or  elements  will  most  benefit  his  soil,  and  select  his  fertilizer 
accordingly. 
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List  of  Manufacturers  and  Dealers  who  have  secured  Certificates  for  the 
Sale  of  Commercial  Fertilizers  in  the  State  during  the  Past  Year 
{May  1,  1906,  to  May  2, 1907),  and  the  Brands  licensed  by  Each. 


The  American  Agricultural  Chemical 
Co.,  Boston,  Mass. :  — 

High-grade     Fertilizer    with  Ten 

Per  Cent.  Potash. 
Grass   and  Lawn  Top-dressing. 
Tobacco  Starter  and  Grower. 
Fine-ground  Bone. 
Dissolved  Bone  Black. 
Muriate  of  Potash. 
Double  Manure  Salt. 
High-grade   Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dry  Ground  Fish. 
Plain  Superphosphate. 
Sulfate  of  Ammonia. 
Kainit. 
Dried  Blood. 
Fine-ground  Tankage. 
Ground     South     Carolina  Phos- 
phate. 

High-grade  Tobacco  Manure. 

The  American  Agricultural  Chemical 
Co.  (Bradley  Fertilizer  Co.,  branch), 
Boston,  Mass. :  — 

Bradley's    Complete    for  Potatoes 

and  Vegetables. 
Bradley's  Complete  for  Corn  and 
Grain. 

Bradley's    Complete    Manure  with 

Ten  Per  Cent.  Potash. 
Bradley's     Complete  Top-dressing 

Grass  and  Grain. 
Bradley's  X.  L.  Superphosphate. 
Bradley's  Potato  Manure. 
Bradley's  Potato  Fertilizer. 
Bradley's  Corn  Phosphate. 
Bradley's  Eclipse  Phosphate. 
Bradley's  Niagara  Phosphate. 
Bradley's  English  Lawn  Fertilizer. 
Bradley's     Columbia      Fish  and 

Potash. 

Bradley's  Abattoir  Bone  Dust. 
Bradley's    Seeding-down  Manure. 
Church's  Fish  and  Potash. 

The  American  Agricultural  Chemical 
Co.  (H.  J.  Baker  &  Bro.,  branch), 
New  York,  N.  Y. :  — 

Baker's  A.  A.  Ammoniated  Super- 
phosphate. 
Baker's  Complete  Potato  Manure. 

The  American  Agricultural  Chemical 
Co.  (Clark's  Cove  Fertilizer  Co., 
branch),  Boston,  Mass.:  — 

Clark's  Cove  Bay  State  Fertilizer. 
Clark's  Cove  Bay  State  Fertilizer 
G.  G. 


The  American  Agricultural  Chemical 
Co.  (Clark's  Cove  Fertilizer  Co., 
branch),   Boston,   Mass.  —  Con. 

Clark's  Cove  Great  Planet  Manure. 

Clark's  Cove  Potato  Manure. 

Clark's  Cove  Potato  Fertilizer. 

Clark's  Cove  King  Philip  Guano. 


The    American    Agricultural  Chemical 
Co.  (Crocker  Fertilizer  and  Chemical 
Co.,  branch),  Buffalo,  N.  Y. :  — 
Crocker's    Potato,    Hop    and  To- 
bacco Phosphate. 
Crocker's  Corn  Phosphate. 
Crocker's  A.  A.  Complete  Manure. 


The  American  Agricultural  Co.  (Cum- 
berland Bone  Phosphate  Co.,  branch), 
Boston,  Mass. :  — 

Cumberland  Superphosphate. 
Cumberland  Potato  Fertilizer. 


The  American  Agricultural  Chemical 
Co.  (L.  B.  Darling  Fertilizer  Co., 
branch),  Pawtucket,  R.  I.:  — 

Darling's  Blood,  Bone  and  Potash. 
Darling's  Complete  Ten  Per  Cent. 

Manure. 
Darling's  Potato  Manure. 
Darling's  Farm  Favorite. 
Darling's    Potato    and   Root  Crop 

Manure. 
Darling's  General  Fertilizer. 


The  American  Agricultural  Chemical 
Co.  (Great  Eastern  Fertilizer  Co., 
branch),  Rutland,  Yt. :  — 

Great  Eastern  Northern  Corn  Spe- 
cial. 

Great  Eastern  Vegetable  Vine  and 

Tobacco. 
Great  Eastern  Garden  Special. 
Great  Eastern  General. 
Great    Eastern    Grass    and  Oats 

Fertilizer. 


The  American  Agricultural  Chemical 
Co.  (Pacific  Guano  Co.,  branch), 
Boston,  Mass. :  — 

Pacific  High-grade  General. 

Pacific  Potato  Special. 

Soluble  Pacific  Guano. 

Pacific  Xobsque  Guano, 
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The  American  Agricultural  Chemical 
Co.  (Packers'  Union  Fertilizer  Co., 
branch),  Rutland,  Vt. :  — 

Packers'    Union    Gardeners'  Com- 
plete Manure. 
Packers'  Union  Animal  Corn  Fer- 
tilizer. 

Packers'  Union  Potato  Manure. 
Packers'    Union    Universal  Ferti- 
lizer. 

Packers'  Union  Wheat,  Oats  and 
Clover  Fertilizer. 

The  American  Agricultural  Chemical 
Co.  (Quinnipiac  Co.,  branch),  Bos- 
ton, Mass. :  — 

Quinnipiac  Market-garden  Manure. 

Quinnipiac  Phosphate. 

Quinnipiac  Potato  Manure. 

Quinnipiac  Potato  Phosphate. 

Quinnipiac  Corn  Manure. 

Quinnipiac  Climax  Phosphate. 

Quinnipiac  Onion  Manure. 

The  American  Agricultural  Chemical 
Co.  (Read  Fertilizer  Co.,  branch), 
New  York,  N.  Y. :  — 

Read's  Practical  Potato  Special. 

Read's  Farmer's  Friend. 

Read's  Standard. 

Read's    High-grade  Farmer's 
Friend. 

Read's  Vegetable  and  Vine. 

The  American  Agricultural  Chemical 
Co.  (Standard  Fertilizer  Co.,  branch), 
Boston,  Mass. :  — 

Standard  Complete  Manure. 

Standard  Fertilizer. 

Standard  Special  for  Potatoes. 

Standard  Guano. 

The  American  Agricultural  Chemical 
Co.  (Henry  F.  Tucker  Co.,  branch), 
Boston,  Mass. :  — 

Tucker's  Original  Bay  State  Bone 

Superphosphate. 
Tucker's  Special  Potato. 

The  American  Agricultural  Chemical 
Co.  (Williams  &  Clark  Fertilizer  Co., 
branch),  Boston,  Mass.:  — 

Williams  &  Clark's  High-grade  Spe- 
cial. 

Williams  &  Clark's  Americus  Phos- 
phate. 

Williams  &  Clark's  Potato  Phos- 
phate. 

Williams  &  Clark's  Potato  Manure. 
Williams    &    Clark's    Corn  Phos- 
phate. 

Williams    &    Clark's    Royal  Bone 

Phosphate. 
Williams  &  Clark's  Prolific  Crop 

Producer. 


[Jan. 

The  American  Agricultural  Chemical 
Co.  (M.  E.  Wheeler  &  Co.,  branch), 
Rutland,  Vt. :  — 

Wheeler's  Corn  Fertilizer. 
Wheeler's  Potato  Manure. 
Wheeler's  Havana  Tobacco  Grower. 
Wheeler's  Bermuda  Onion  Grower. 
Wheeler's   Grass   and   Oats  Ferti- 
lizer. 

W.  H.  Abbott,  Holyoke,  Mass. :  — 
Abbott's  Tobacco  Fertilizer. 
Abbott's  Onion  Fertilizer. 
Abbott's  Animal  Fertilizer. 
Abbott's  Eagle  Brand  Fertilizer. 

The    American    Cotton    Oil    Co.,  New 
York  City :  — 
Cotton-seed  Meal. 
Cotton-hull  Ashes. 

The  American  Linseed  Co.,  New  York, 
N.  Y.:  — 

Cleveland  Flax  Meal. 

The  Armour  Fertilizer  Works,  Balti- 
more, Md. :  — 

Fruit  and  Root  Fertilizer. 
Blood,  Bone  and  Potash. 
High-grade  Potato. 
All  Soluble. 

Ammoniated  Bone  with  Potash. 

Bone  Meal. 
Complete  Potato. 
Corn  King. 
Market  Garden. 
Grain  Grower. 

H.    J.    Baker    &    Bro.,    New  York, 

N.  Y. :  — 

Castor  Pomace. 

Beach  Soap  Co.,  Lawrence,  Mass. :  — 
Beach's  Advance  Brand. 
Beach's  Reliance  Brand. 

Berkshire  Fertilizer  Co.,  Bridgeport, 
Conn. :  — 

Berkshire  Complete  Fertilizer. 
Berkshire    Potato    and  Vegetable 

Phosphate. 
Berkshire  Ammoniated  Bone  Phos- 
phate. 

Berkshire  Grass  Fertilizer. 

Joseph  Breck  &  Sons,  Boston,  Mass.:  — 
Breck's  Lawn  and  Garden  Dress- 
ing. 

Breck's  Market-garden  Manure. 

Bowker  Fertilizer  Co.,  Boston,  Mass.  :  — 
Stockbridge  Special  Manures. 
Bowker's  Hill  and  Drill  Phosphate. 
Bowker's  Farm  and  Garden  Phos- 
phate. 
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Bowker  Fertilizer  Co.,  Boston,  Mass.  — 
Con. 

Bowker's  Lawn  and  Garden  Dress- 
ing. 

Bowker's    Potato    and  Vegetable 

Fertilizer. 
Bowker's  Fish  and  Potash  (Square 

Brand). 

Bowker's    Potato    and  Vegetable 

Phosphate. 
Bowker's  Sure  Crop  Phosphate. 
Gloucester  Fish  and  Potash. 
Bowker's  High-grade  Fertilizer. 
Bowker's    Bone    and    Wood  Ash 

Fertilizer. 
Bowker's  Fish  and  Potash  ("  D  " 

Brand). 
Bowker's  Corn  Phosphate. 
Bowker's  Bone,  Blood  and  Potash. 
Bowker's  Early  Potato  Manure. 
Bristol  Fish  and  Potash. 
Bowker's  Fine-ground  Fish. 
Bowker's  Tobacco  Ash  Elements. 
Bowker's  Wood  Ashes. 
Bowker's  Ground  Bone. 
Bowker's  Superphosphate. 
Bowker's  Sulfate  of  Ammonia. 
Bowker's  Nitrate  of  Soda. 
Bowker's  Dissolved  Bone  Black. 
Bowker's  Kainit. 
Bowker's  Muriate  of  Potash. 
Bowker's  Sulfate  of  Potash. 
Dried  Blood. 

Bowker's  Soluble  Animal  Fertilizer. 
Bowker's  Tobacco  Starter. 
Bowker's  Tobacco  Ash  Fertilizer. 
Bowker's  Market-garden  Fertilizer. 
Bowker's  Potash  Bone. 
Bowker's  Ten  Per  Cent.  Manure. 
Bowker's  Complete  Mixture. 
Bowker's    Ammoniated    Food  for 

Flowers. 
Bowker's  Double  Manure  Salt. 
Bowker's  Tankage. 
Bowker's  Clover  Brand  Bone  and 

Wood  Ash  Fertilizer. 
Bowker's  Flour  of  Bone. 
Bowker's  Market  Bone. 
Bowker's  Ground  Phosphate  Rock. 
Bowker's     Ammoniated  Dissolved 

Bone. 

Bowker's  Square  Brand  Bone  and 
Potash. 

Bowker's   Potash  or   Staple  Phos- 
phate. 

Bowker's    Special    Fertilizer  for 
Seeding  Down. 

F.  W.  Brode  &  Co.,  Memphis,  Tenn. :  — 
Owl  Brand  Cotton-seed  Meal. 

T.  H.  Bunch  Co.,  Little  Rock,  Ark. :  — 
Cotton-seed  Meal. 


The    Buffalo    Fertilizer    Co.,  Buffalo, 
N.  Y. :  — 
Fish  Guano. 
Farmer's  Choice. 
York  State  Special. 
Vegetable  and  Potato. 
Garden  Truck. 
High-grade  Manure. 

Charles  M.  Cox  Co.,  Boston,  Mass. :  — 
Cotton-seed  Meal. 

Chicopee    Rendering    Co.,  Springfield, 
Mass. :  — 

Farquhar's     Lawn     and  Garden 

Dressing. 
Farquhar's   Vegetable    and  Potato 
Fertilizer. 

The    Coe-Mortimer    Co.,     New  York, 
N.  Y. :  — 

New  Englander  Corn   and  Potato 

Fertilizer. 
Columbian   Corn   and   Potato  Fer- 
tilizer. 
Basic  Slag. 

Excelsior  Potato  Fertilizer. 

Gold  Brand  Excelsior  Guano. 

XXX  Ammoniated  Bone  Phos- 
phate. 

Nitrate  of  Soda. 

Celebrated  Special  Potato. 

High-grade  Ammoniated  Bone  Su- 
perphosphate. 

Chincha  Peruvian  Guano. 

Lobos  Peruvian  Guano. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Dow's  Pure  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Plant  Food. 

R.   &  J.   Farquhar  &  Co.,  Boston, 
Mass. :  — 

Canada  Unleached  Hard-w  o  o  d 
Ashes. 

Clay's  London  Fertilizer. 

Fyfe,    Fay    &    Plummer,  Clinton, 
Mass. :  — 

Hard-wood  Canada  Ashes. 

C.  B.  Hastings,  Ashmont,  Mass. :  — 
Ferti  Flora. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 

Meat  and  Bone. 
Bone  Meal. 
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The   Home   Soap   Co.,  Worcester, 
Mass. :  — 

Ground  Bone. 

Hunter  Brothers  Milling  Co.,  St.  Louis, 

Mo.:  — 

Cotton-seed  Meal. 

John     Joynt,     Lucknow,  Ontario, 
Can.:  — 

Unleached  Hard-wood  Ashes. 

A.  Klipstein  &  Co.,  New  York,  N.  Y. :  — 
Carbonate  of  Potash. 

Lister's  Agricultural   Chemical  Works, 
Newark,  N.  J. :  — 

Lister's  High-grade  Special. 
Lister's  Success. 
Lister's  Special  Corn. 
Lister's  Special  Potato. 
Lister's  Potato  Manure. 
Lister's  Oneida  Special. 
Lister's  Bone  and  Potash. 

Stephen    Major,    South  Somerset, 
Mass. :  — 

Major's  Bone  Phosphate  No.  1. 

Edward  MacMulkin,  Boston,  Mass.:  — 
Ideal  Plant  Food. 

Swift's   Lowell   Fertilizer  Co.,  Boston, 
Mass. :  — 

Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Dissolved  Bone  and 
Potash. 

Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Market-garden  Ma- 
nure. 

Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Empress  Brand. 
Swift's  Lowell  Superior  Fertilizer. 
Swift's  Lowell  Special  Grass  Mix- 
ture. 

Swift's  Lowell  Lawn  Dressing. 
Swift's    Lowell    Perfect  Tobacco 

Grower. 
Swift's  Lowell  Ground  Bone. 
Acid  Phosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Tankage. 
Dried  Blood. 

High-grade  Sulfate  of  Potash. 
Dissolved  Bone  Black. 
Swift's    Lowell    Special  Vegetable 
Fertilizer. 

George  E.  Marsh  &  Co.,  Lynn,  Mass. :  — 
Bone  Meal. 


Mapes  Formula  &  Peruvian  Guano  Co., 
New  York,  N.  Y. :  — 

Mapes'    Grass   and   Grain  Spring 

Top-dressing. 

Mapes'  Complete  Manure  for  Gen- 
eral Use. 

Mapes'  Fruit  and  Vine  Manure. 

Mapes'  Cereal  Brand. 

Mapes'  Lawn  Top-dressing. 

Mapes'  Cauliflower  and  Cabbage 
Manure. 

Mapes'  Potato  Manure. 

Mapes'  Tobacco  Starter  Improved. 

Mapes'  Tobacco  Manure  (Wrapper 
Brand). 

Mapes'  Economical  Potato  Manure. 
Mapes'  Average  Soil  Complete  Ma- 
nure. 

Mapes'  Vegetable  Manure  or  Com- 
plete Manure  for  Light  Soils. 

Mapes'  Corn  Manure. 

Mapes'  Complete  Manure  ("A" 
Brand). 

Mapes'  Complete  Manure  Ten  Per 

Cent.  Potash. 
Mapes'      Top-dressing  Improved, 

Half  Strength. 
Mapes'  Tobacco  Ash  Constituents. 

George   L.   Monroe   &    Sons,  Oswego, 
N.  Y. :  — 

Pure  Canada  Unleached  Wood 
Ashes. 

D.  M.  Moulton,  Monson,  Mass. :  — 
Ground  Bone. 

W.  H.  Nash,  Boston,  Mass. :  — 
Lime-Kiln  Ashes. 

National     Fertilizer     Co.,  Bridgeport, 
Conn. :  — 

Chittenden's  Ammoniated  Bone. 
Chittenden's  Universal. 
Chittenden's  Potato  Phosphate. 
Chittenden's  Complete. 
Chittenden's  Fish  and  Potash. 
Chittenden's  Tobacco  Starter. 
Chittenden's  Tobacco  Grower. 
Chittenden's  Market  Garden. 
Chittenden's  Tobacco  Special. 
Chittenden's  Complete  Tobacco. 
Chittenden's     High-grade  Special 
Tobacco. 

New   England   Fertilizer    Co.,  Boston, 
Mass. :  — 

New  England  Corn  Phosphate. 
New  England  Potato  Fertilizer. 
New  England  Superphosphate. 
New   England   High-grade  Potato 
Fertilizer. 
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Olds  &  Whipple,  Hartford,  Conn. :  — 
Complete  Tobacco  Fertilizer. 
Home  Mixture  for  Onions. 
Vegetable  Potash. 
Corn  and  Potato  Fertilizer. 
Cotton-seed  Meal. 

R.  T.  Prentiss,  Holyoke,  Mass. :  — 
Complete  Fertilizers. 

Parmenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass. :  — 

Plymouth  Rock  Brand. 

Strawberry  Special. 

Special  Potato. 

A.  A.  Brand. 

P.  &  P.  Potato. 

Lawn  Dressing. 

P.  &  P.  Grain  Grower. 

Star  Brand. 

Pure  Ground  Bone. . 

Nitrate  of  Soda. 

Aroostook  Special. 

Rogers    &   Hubbard   Co.,  Middletown, 
Conn. :  — 

Hubbard's  Complete  Phosphate. 
Hubbard's   Grass   and  Grain  Fer- 
tilizer. 

Hubbard's  Market-garden  Phos- 
phate. 

Hubbard's  Oats  and  Top-dressing. 

Hubbard's  Potato  Phosphate. 

Hubbard's  Soluble  Corn  and  Gen- 
eral Crops. 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Raw  Knuckle  Bone 
Flour. 

Hubbard's  Strictly  Pure  Fine 
Bone. 

Rogers    Manufacturing    Co.,  Rockfall, 
Conn. :  — 

All-round  Fertilizer. 
Complete  Potato  and  Vegetable  Fer- 
tilizer. 

High-grade    Complete    Corn  and 

Onion. 
Fish  and  Potash. 
High-grade  Tobacco  and  Potato. 
High-grade  Oats  and  Top-dressing. 
High-grade  Grass  and  Grain. 
High-grade  Soluble  Tobacco. 
Pure  Knuckle  Bone. 

Ross  Brothers,  Worcester,  Mass. :  — 
Lawn  and  Garden  Fertilizer. 


N.  Roy  &  Son,  South  Attleborough, 
Mass. :  — 

Potato  Fertilizer. 

Complete  Animal  Fertilizer. 

Russia  Cement  Co.,  Gloucester,  Mass. :  — 

Essex  Dry  Ground  Fish. 

Essex  Complete  for  Corn,  Grain 
and  Grass. 

Essex  Complete  for  Potatoes,  Roots 
and  Vegetables. 

Essex  Market-garden  and  Potato 
Manure. 

Essex  Corn  Fertilizer. 

Essex  A.  1.  Superphosphate. 

Essex  XXX  Fish  and  Potash. 

Essex  Odorless  Lawn  Dressing. 

Essex  Tobacco  Starter. 

Essex  Special  Tobacco  Manure. 

Essex  Rhode  Island  Special  for  Po- 
tatoes. 

Essex  Grass  and  Top-dressing. 
Essex  Nitrate  of  Soda. 

The  Salisbury  Cutlery  Handle  Co.,  Salis- 
bury, Conn. :  — 
Ground  Bone. 

Sanderson's  Fertilizer  &  Chemical  Co., 
New  Haven,  Conn. :  — 

Sanderson's  Formula  "  A." 
Sanderson's  Formula  "  B." 
Sanderson's  Top-dressing  Grass  and 
Grain. 

Sanderson's  Potato  Manure. 
Sanderson's   Atlantic   Coast  Bone, 

Fish  and  Potash. 
Sanderson's  Fine-ground  Fish. 
Nitrate  of  Soda. 
High-grade  Sulfate  of  Potash. 
Muriate  of  Potash. 
Plain  Superphosphate. 
Walker's  Complete  Phosphate. 

M.  L.  Shoemaker  &  Co.,  Limited,  Phil- 
adelphia, Pa. :  — 

Swift  Sure  Superphosphate. 
Swift  Sure  Bone  Meal. 

The   Smith   Agricultural   Chemical  Co. 
(Abbott  and  Martin  Rendering  Co., 
branch),  Columbus,  O. :  — 
Harvest  King. 

Tobacco  and  Potato  Special. 
Martin's  Truck  Fertilizer. 

The  Smith  Agricultural  Chemical  Co. 
(Hardy  Packing  Co.,  branch),  Co- 
lumbus, O. :  — 

Tankage,  Bone  and  Potash. 
Tobacco  and  Potato  Special. 
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Sterling  Chemical   Co.,  Cambridgeport, 
Mass. :  — 

Sterlingworth   Concentrated  Plant 
Food. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Stetson's  Ground  Bone. 

A.    L.    Warren,  Northborough, 
Mass. :  — 

Warren's  Ground  Bone. 

Whitman  &  Pratt  Rendering  Co.,  Low- 
ell, Mass. :  — 

Vegetable  Grower. 
All  Crops  Fertilizer. 
Corn  Success. 
Potato  Plowman. 
Ground  Bone. 


[Jan. 

Wilcox    Fertilizer    Works,  Mystic, 
Conn. :  — 

Potato,   Onion  and  Vegetable  Ma- 
nure. 
Potato  Fertilizer. 
Complete  Bone  Superphosphate. 
Fish  and  Potash. 
High-grade  Tobacco  Special. 
Dry  Ground  Fish. 


Sanford  Winter,  Brockton,  Mass. :  — 
Winter's  Ground  Bone. 


J.    M.    Woodard    &    Bro.,  Greenfield, 
Mass. :  — 
Tankage. 
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Part  II.  —  Report  on  General  Work  in  the 
Chemical  Laboratory. 


C.  A.  GOE8SMANN. 


1.  Analyses  of  materials  forwarded  for  examination. 

2.  Notes  on  wood  ashes  and  lime  ashes. 

1.    Analyses  of  Materials  forwarded  for  Examination. 

During  the  year  343  samples  of  miscellaneous  substances 
have  been  received  from  farmers  within  our  State.  These 
samples  have  been  analyzed  as  expeditiously  as  possible,  the 
samples  being  taken  up,  as  a  rule,  in  the  order  of  their 
arrival  at  this  office ;  although  precedence  is  sometimes  given 
to  farmers'  clubs,  grange  organizations  and  private  parties, 
who  depend  upon  the  results  of  our  analysis  as  a  basis  for 
settlement  for  their  fertilizers.  We  have-  most  time  at  our 
disposal  for  this  class  of  work  from  the  middle  of  December 
until  the  first  of  April,  as  during  this  time  we  are  not  en- 
gaged in  the  annual  inspection  of  commercial  fertilizers. 
Whenever  practical,  it  would  be  well  for  those  who  desire  a 
speedy  return  of  results  of  analyses  to  take  advantage  of  this 
fact,  and  send  samples  for  analysis  before  the  beginning  of 
our  inspection  season. 

During  the  year  we  have  been  in  co-operation  with  the 
Association  of  Official  Agricultural  Chemists,  studying  new 
methods  of  analyses  of  soils,  fertilizers  and  insecticides. 
This  is  a  very  important  part  of  the  practical  chemists' 
work,  and  time  should  be  taken  every  year  for  this  co-opera- 
tive investigation. 

The  year  has  seen  some  new  developments  along  the  line 
of  producing  valuable  agricultural  compounds  for  fertiliz- 
ing purposes.    These  developments  have  naturally  inclined 


78 


EXPERIMENT  STATION. 


[Jan. 


towards  producing  new  compounds  of  our  most  expensive  ele- 
ment of  plant  food,  nitrogen.  Statistics  show  that,  at  the 
present  rate  of  consumption,  it  is  only  a  matter  of  a  few 
years  before  the  supply  of  nitrate  of  soda  from  our  present 
source  will  become  exhausted.  This  will  become  a  very 
serious  matter,  unless  new  deposits  of  nitrate  are  discovered, 
or  science  shows  us  an  economical  method  of  utilizing  the 
inexhaustible  supply  of  atmospheric  nitrogen.  Attempts 
have  been  made  to  manufacture  nitric  acid  by  an  electrical 
method  which  utilizes  the  nitrogen  of  the  air,  and  which 
has  proven  more  or  less  successful.  Attempts  have  also  been 
made  to  combine  the  atmospheric  nitrogen  with  lime  to  form 
cyanimid  compounds.  This  method  has  also  been  successful, 
but  whether  these  cyanimid  compounds  will  prove  practical 
fertilizers  or  not  we  are  at  present  unable  to  say.  It  has 
long  been  known  that  cyanogen  compounds  are  poisonous  to 
plant  growth;  but  they  are  easily  decomposed,  and  it  is  pos- 
sible that  it  may  be  found  safe  to  use  them  by  applying  them 
to  the  soil  some  time  previous  to  the  planting  of  the  crop. 

During  the  year  we  have  heard  much  about  the  use  of 
ground  feldspar  and  granitic  rocks  as  a  source  of  potash. 
In  the  early  history  of  the  use  of  artificial  fertilizers,  potash 
in  the  form  of  silicates  was  recommended.  They  were,  how- 
ever, found  unsuitable  as  a  source  of  potash,  as  they  were 
not  easily  decomposed,  and  the  more  soluble  forms  of  potash 
soon  took  their  place.  It  is  a  well-known  fact  that  many 
soils  of  granitic  origin  are  benefited  by  an  application  of 
soluble  potash  compounds.  In  view  of  the  above  facts,  we 
would  caution  the  user  of  commercial  fertilizers  against  pur- 
chasing ground  feldspathic  rocks  as  a  source  of  potash. 
Through  a  process  of  electrolysis  and  endosmosis,  investi- 
gators have  succeeded  in  recovering  80  per  cent,  of  the  potash 
in  feldspathic  rocks.  In  this  age  of  cheapening  electrical 
power  it  may  not  be  impossible  that  this  process  may  be  suc- 
cessfully employed  to  economically  produce  potash  for  our 
future  needs  in  the  fertilization  of  agricultural  soils  for 
farm  crops. 

Following  is  a  partial  list  of  materials  forwarded  by 
farmers  during  the  year :  — 
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Soils,  

55 

Leather  dust, 

Complete  fertilizers, 

45 

Tobacco  stems,     .        .  . 

Wood  ashes, 

41 

Kainit,  ..... 

Cotton-seed  meal, 

28 

Pigeon  manure,  . 

Nitrate  of  soda,  . 

13 

Clay,    .       .       .       .     •  . 

Peruvian  guano,  . 

11 

Bone  soup,  .... 

Carbonate  of  potash, 

7 

Peat,  

Sulfate  of  potash,  . 

8 

AVool  washings,  . 

Ground  bones, 

6 

Arsenate  of  soda,  . 

Dry  ground  fish,  . 

6 

London  purple, 

Fine-ground  tankage,  . 

6 

Saltpeter  waste,  . 

Lime  ashes,  . 

6 

Bone  waste,  .... 

Paris  green, 

6 

Horn  waste,  .... 

Dried  blood, 

4 

Coal  ashes,  .... 

Dissolved  bone  black,  . 

4 

Sludge  from  filter  beds, 

Muriate  of  potash, 

4 

Hoof  meal,  .... 

Cotton  waste, 

4 

South  Carolina  rock  phosphate, 

Sheep  manure, 

4 

Manure,  .... 

Lime,  . 

3 

Sulfate  of  ammonia, 

Dissolved  bone,  . 

3 

Steamed  bone, 

Sulfate  of  potash-magnesia,  . 

3 

Manure  and  lime, 

Nitrate  of  potash,  . 

3 

Bone  scrap,  .... 

Arsenate  of  lead,  . 

3 

Burned  bone, 

Acid  phosphate,  . 

4 

Carbonate  of  potash-magnesia, 

Phosphatic  slag,  . 

3 

Calcium  cyanimid, 

Oyster-shell  lime, 

2 

"Washings  from  paper  mill,  . 

Linseed  meal, 

2 

Soft  coal  soot, 

Muck,  

2 

Castor  pomace, 

Granite,  . 

2 

Nitrogenous  chalk, 

Talc,  

2 

Peat  and  manure,  . 

Cotton-hull  ashes, 

2 

Wool  waste, 

Leather  refuse      .       .  • 

2 

River  mud,  .... 

Glue  refuse, 

1 

Woodland  leaf  mold,  . 

Cave  deposit, 

1 

Miscellaneous, 

Carbonate  of  lime, 

1 
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2.  Xotes  on  Wood  Ashes  and  Lime  Ashes. 
(a)  Wood  Ashes. 
Forty-one  samples  of  wood  ashes  have  been  forwarded  for 
analysis  by  farmers  during  the  past  year.  The  majority  of 
these  ashes  are  used  by  the  farmers  in  the  Connecticut  valley. 
The  following  table  shows  their  chemical  composition  as 
compared  with  1905  :  — 


Analysis  of  Wood  Ashes. 


Number  of  Samples. 

1903. 

1906. 

Moisture  from  1  to  10  per  cent.,  

15 

8 

Moisture  from  10  to  20  per  cent.,  

20 

19 

Moisture  from  20  to  30  per  cent.,  ....... 

7 

10 

Moisture  above  30  per  cent.,  

1 

0 

Potassium  oxide  above  7  per  cent.,  

4 

3 

Potassium  oxide  from  6  to  7  per  cent  

4 

7 

Potassium  oxide  from  5  to  6  per  cent.,  

12 

6 

Potassium  oxide  from  4  to  5  per  cent.,  

13 

9 

Potassium  oxide  from  3  to  4  per  cent.,  

9 

Potassium  oxide  below  3  per  cent.,  

3 

2 

Phosphoric  acid  above  2  per  cent  

7 

1 

Phosphoric  acid  from  1  to  2  per  cent.,  

32 

31 

Phosphoric  acid  below  1  per  cent  

4 

6 

Average  per  cent,  of  calcium  oxide,  

32.30 

28.17 

Insoluble  matter  below  10  per  cent.,  

9 

3 

Insoluble  matter  from  10  to  15  per  cent.,  

14 

16 

Insoluble  matter  above  15  per  cent  

20 

18 

Table  shoiving  Maximum,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingredients  found  in  Wood  Ashes,  1905  and  1906. 


Maximum. 

Minimum. 

Average. 

1905. 

190G. 

1905. 

1906. 

1905. 

1906. 

Moisture  at  100°  C,  .... 

32.05 

26.17 

.02 

.65 

13.45 

14.78 

7.54 

2.32 

2.75 

5.09 

5.02 

Phosphoric  acid,    .      .  . 

4.74 

2.90 

.38 

.44 

1.69 

1.28 

Calcium  oxide,  

49.21 

35.60 

21.17 

19.28 

32.30 

28.17 

30.25 

4.15 

4.04 

15.49 

16.02 
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A  comparison  of  the  figures  in  the  above  tables  shows  that 
the  ashes  analyzed  during  the  season  contained,  on  the  aver- 
age, less  potash,  phosphoric  acid  and  lime  and  more  water 
and  sand  than  during  the  previous  year.  This  emphasizes 
the  importance  of  buying  this  class  of  material  on  a  state- 
ment of  guarantee  of  potash,  phosphoric  acid  and  lime;  also 
of  patronizing  those  importers  who  have  complied  with  our 
State  laws,  and  have  secured  licenses  for  the  sale  of  wood 
ashes  in  Massachusetts.  A  list  of  these  importers  will  be 
found  on  a  previous  page  of  this  report. 


(b)    Lime  Ashes. 

Table  showing  Maximum,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingredients  found  in  Lime  Ashes,  1905  and  1906. 


Maximum. 

Minimum. 

Average. 

1905. 

1906. 

1905. 

1906. 

1905. 

1906. 

Moisture  at  100°  C.  

19.35 

21.65 

.05 

none. 

11.18 

5.99 

Potassium  oxide,  

4.80 

3.72 

1.02 

1.44 

2.46 

2.54 

Phosphoric  acid,  

1.58 

1.16 

.18 

.34 

.97 

.71 

Calcium  oxide  

63.44 

49.74 

37.56 

29.33 

49.34 

40.39 

Insoluble  matter  

'28.93 

34.93 

3.21 

4.04 

8.99 

9.51 

The  average  composition  of  lime  ashes  is  about  the  same 
as  for  the  previous  year. 
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REPORT  OF  THE  CHEMIST. 


DIVISION  OF  FOODS  AND  FEED  I  N"G. 


Chemists  :  e  it.  Holland,  r.  H.  smith,  a.  c.  whittier,1  l.  s.  walker.2 
Inspector  of  Feeds  and  Babcock  Machines :  p.  g.  helyar,3  w.  k. 

HEPBURN. 

Dairy  Tester:  s.  R.  parker,4  h.  a.  parsons. 

In  Charge  of  Feeding  Experiments  :  R.  p.  gaskill. 

Clerk  and  Stenographer:  mabel  c.  smith. 


Part  I.  —  Outline  of  the  Year's  Work. 


Correspondence. 

Summary  of  laboratory  work. 

Water  analysis. 

Dairy  products  and  cattle  feeds. 
Special  chemical  work. 
Execution  of  feed  law. 
Execution  of  dairy  law. 
The  testing  of  pure-bred  cows. 
Work  completed. 
Work  in  progress. 
Changes  in  staff. 


Part  II.  —  Work  in  Animal  Nutrition. 

The  digestibility  of  cattle  feeds. 


J.   B.  LINDSEY. 


1  Resigned  July  L 

2  Since  July  L 


8  Resigned  October  1. 
*  Resigned  June  1. 
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CoRRESPOXDEXCE. 

A  considerable  correspondence  is  carried  on  yearly  with 
farmers,  grain  dealers  and  other  station  workers.  Numerous 
questions  are  asked  concerning  feeds  and  methods  of  feeding-. 
The  execution  of  the  dairy  and  feed  law  involves  the  exchange 
of  many  letters.  Letters  of  all  kinds,  sent  from  Dec.  15, 
1905,  through  Dec.  15,  1906,  approximated  3,200. 

Summary  of  Laboratory  Work. 
From  Dec.  15,  1905,  to  Dec.  15,  1906,  there  have  been 
received  and  examined  124  samples  of  water,  310  of  milk, 
1,799  of  cream,  152  of  feed  stuffs  and  2  miscellaneous.  In 
connection  with  experiments  made  by  this  and  other  divi- 
sions of  the  station,  there  have  been  examined,  in  whole  or 
in  part,  336  samples  of  milk  and  cream  and  187  of  cattle 
feeds.  There  have  also  been  collected  and  examined  703 
samples  of  cattle  feeds,  in  accordance  with  the  requirements 
of  the  feed  law.  The  total  for  the  year  has  been  3,613, 
as  compared  with  4,042  in  1905  and  4,261  during  1904. 
Work  with  condensed  milk,  molasses,  maple  sugar,  ash  and 
nitrogen,  not  included  in  the  above  summary,  has  been  car- 
ried on  for  the  Association  of  Official  Agricultural  Chemists. 
Twenty-three  candidates  have  been  examined  and  given  cer- 
tificates to  operate  Babcock  machines,  and  2,457  pieces  of 
Babcock  glassware  have  been  tested  for  accuracy  of  grad- 
uation. 

Water  Axalysis. 
The  station  continues  to  make  sanitary  analyses  of  drink- 
ing waters,  at  a  charge  of  $3  each.    Special  jars  are  fur- 
nished, together  with  full  instructions  for  collecting  and 
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forwarding  the  samples.  An  analysis  of  water  sent  in 
shippers'  jars  will  not  be  made,  neither  will  bacteriological 
nor  mineral  analyses  be  undertaken. 

The  character  of  the  samples  received  has  been  much  the 
same  as  that  of  those  examined  in  previous  years.  They 
were  mostly  from  wells  or  springs,  which  frequently  were 
located  in  too  close  proximity  to  houses,  barns  and  outbuild- 
ings, and  received  the  drainage.  Samples  are  often  found 
contaminated  with  lead ;  the  station  can  only  repeat  its  warn- 
ing that  all  lead  pipe  be  discarded,  and  replaced  with  iron 
coated  with  asphaltum,  or  writh  galvanized-iron  pipe. 

Dairy  Products  and  Cattle  Feeds. 

Farmers  and  dairymen  continue  to  send  samples  of  cream 
and  skim  milk  to  be  tested  for  butter  fat,  and  samples  of 
whole  milk  to  be  tested  for  both  solids  and  fat.  More  milk 
is  being  sold  for  market  purposes  than  formerly,  and  less 
made  into  butter.  The  inspection  of  the  quality  of  milk  is 
more  general  and  rigid  from  year  to  year.  Dairymen  wish 
to  ascertain  the  composition  of  milk  produced  by  individual 
cows  and  by  their  herds,  and  likewise  to  confirm  analyses 
reported  to  them  by  the  city  milk  inspectors  and  by  con- 
tractors. This  work  is  performed  gratis,  and  the  results 
reported  promptly,  together  with  such  remarks  and  sugges- 
tions as  special  cases  call  for.  One  creamery  sends  all  of  the 
cream  samples  to  be  tested  regularly,  and  others  send  occa- 
sional lots  when  not  in  condition  to  perform  the  work.  A 
charge  sufficient  to  cover  the  cost  is  made  in  such  cases. 

Samples  of  feeds  (mostly  concentrates)  are  received  from 
farmers,  as  w^ell  as  from  local  grain  dealers  and  jobbers. 
The  station  willingly  examines  such  material  without  charge, 
when  it  seems  that  the  conditions  warrant  it,  and  promptly 
reports  its  findings  w^th  suggestions  when  necessary.  It 
must  be  understood,  however,  that  it  cannot  become  the  free 
chemists  of  jobbers  and  manufacturers  who  wish  to  have 
analyses  made  purely  for  commercial  purposes. 
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Special  Chemical  Work. 
This  division  has  devoted  some  time  to  a  study  of  methods 
used  in  chemical  analysis,  in  co-operation  with  the  Associa- 
tion of  Official  Agricultural  Chemists.     The  work  under- 
taken was  as  follows  :  — 

1.  A  comparison  of  the  Kjeldahl,  Kjeldahl-Gunning  and 
modified  Gunning  methods,  for  the  determination  of  total 
organic  nitrogen. 

2.  The  determination  of  available  organic  nitrogen  by  the 
neutral  permanganate  and  by  the  alkaline  permanganate 
methods. 

3.  A  study  of  the  Babcock  asbestos,  dish  and  sand,  and 
Gottlieb  methods,  Babcock  centrifugal  and  Leach  and  Far- 
rington  modifications  of  the  same,  for  the  determination  of 
fat  in  sweetened  and  unsweetened  condensed  milk. 

4.  Observations  in  the  determination  of  lactose  and  su- 
crose in  sweetened  and  unsweetened  condensed  milk,  by  aid 
of  Fehling's  solution,  the  copper  being  titrated  with  thio- 
sulfate. 

5.  Determinations  of  moisture,  ash,  protein,  dextrose  and 
sucrose  in  massecuit,  sugar  and  molasses.  Considerable  time 
was  spent  in  a  special  study  of  different  methods  for  the  ac- 
curate determination  of  moisture  in  molasses,  which  has  not 
been  reported ;  it  will  be  published  when  sufficient  data  have 
been  secured  to  warrant  the  making  of  positive  deductions. 

6.  Determinations  of  total,  soluble  and  insoluble  ash  in 
pure  and  adulterated  maple  sugar,  as  well  as  the  alkalinity 
of  the  soluble  and  insoluble  ash. 

The  results  of  the  above  work  were  presented  to  the  asso- 
ciation, and  became  a  part  of  their  yearly  report.  It  was 
carried  out  by  Messrs.  Holland  and  Smith,  to  whom  due 
credit  should  be  given. 

In  addition  to  the  above,  work  is  now  in  progress  in  deter- 
mining the  water  and  starch  in  3G  samples  of  potatoes. 
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Execution  of  the  Feed  Law  (Acts  of  1903,  Chapter 

122). 

The  methods  employed  in  carrying  out  the  provisions  of 
this  act  have  been  essentially  the  same  as  in  former  years. 
The  State  has  been  thoroughly  canvassed  twice,  the  first  time 
in  January,  February  and  March,  and  the  second  time  in 
August,  September  and  October.  The  inspector  also  spent 
the  larger  part  of  May  in  the  most  important  grain-consum- 
ing portions  of  the  State,  and  in  addition  made  several  short 
trips.  There  have  been  collected  and  examined  during  the 
year  703  samples  of  cattle  and  poultry  feeds.  Bulletin  ~No. 
108,  containing  the  analyses  of  365  samples  collected  during 
the  autumn  of  1905,  was  issued  in  January,  1906.  Another 
bulletin  is  now  being  prepared  for  publication,  and  will  be 
issued  in  December  or  early  January.  In  addition  to  the 
regular  yearly  bulletin,  the  station  sends  out  many  letters  to 
dealers  and  manufacturers  concerning  the  values  of  feeds  and 
explanatory  of  the  feed  law. 

The  only  really  adulterated  feeds  now  on  the  market  con- 
sist of  mixtures  of  wheat  bran  and  corn  cobs.  Such  goods 
are  usually  properly  guaranteed,  but  it  is  believed  that  un- 
scrupulous dealers  are  inclined  to  remove  the  tags  before 
selling,  and  dispose  of  them  for  genuine  mixed  wheat  feeds. 

Cotton-seed  meal  offered  in  local  markets  has  shown  a 
gradual  decline  in  quality  since  1902,  while  the  price  per 
ton  has  increased  steadily  since  1898.  Gluten  meal  and 
germ  oil  meal  are  no  longer  offered.  Distillers'  dried  grains 
are  easily  obtainable  at  reasonable  prices.  Brewers'  dried 
grains  of  excellent  quality  have  been  placed  in  Massachusetts 
markets  during  the  past  year. 

A  number  of  proprietary  grain  mixtures  or  ready  grain 
rations  for  dairy  stock  are  now  on  sale,  several  of  which  are 
quite  satisfactory;  the  price  asked,  however,  is  in  excess  of 
equally  desirable  mixtures  which  can  be  prepared  by  the 
dairymen  from  standard  concentrates  to  be  had  of  all  local 
grain  dealers. 

Mixtures  of  corn,  together  with  different  amounts  of  oat 
residues,  often  designated  stock  foods,  are  widely  distrib- 
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uted,  and,  judging  from  the  number  of  brands,  must  find  a 
ready  sale.  The  corn  is  frequently  of  poor  quality,  being 
imperfectly  developed,  musty  and  sour.  The  price  asked 
is  usually  in  excess  of  their  real  value. 

The  number  of  brands  of  poultry  foods,  such  as  meat 
scraps,  meat  and  bone  meal,  poultry  meals  and  mashes,  chick 
and  scratching  grains,  is  increasing  from  year  to  year.  Poul- 
trymen  can  prepare  equally  as  desirable  mashes  or  scratching 
mixtures  for  25  cents  less  per  hundred  pounds.  Full  details 
concerning  the  great  variety  of  cattle  and  poultry  feeds  now 
for  sale  in  the  markets  of  the  State  may  be  found  by  con- 
sulting the  special  feed  bulletins. 

Execution  of  the  Dairy  Law  (Acts  of  1901,  Chapter 

202). 

The  station  has  done  its  best  to  carry  out  the  provisions  of 
this  law,  which  makes  it  obligatory  for  all  creameries  and 
milk  depots  in  the  State  employing  the  Babcock  test,  or  any 
other  test  for  determining  the  value  of  milk  or  cream,  to 
have  all  glassware  used  in  making  such  determinations  tested 
for  accuracy  of  graduation.  The  law  further  requires  that 
all  parties  intending  to  operate  such  machines  be  examined 
for  competency  by  the  proper  station  official.  The  station 
is  also  required  once  each  year  to  send  a  competent  party  to 
each  creamery  and  milk  depot  within  the  State  where  Bab- 
cock machines  are  in  use,  and  pronounce  upon  their  fitness 
for  the  work. 

(a)  Inspection  of  Glassware.  —  Each  piece  of  glassware 
found  to  be  correctly  graduated  has  the  letters  "  Mass  Ex 
St 99  etched  on.  There  were  examined  2,457  pieces,  of  which 
7G3,  or  31.05  per  cent.,  were  condemned.  This  record  shows 
gross  carelessness  on  the  part  of  some  manufacturers. 

(b)  Examination  of  Candidates.  —  Twenty-three  candi- 
dates have  been  examined  during  190G.  Some  were  well 
prepared,  while  others  were  refused  a  certificate  on  first  trial 
and  were  obliged  to  take  a  second  examination.  The  value 
of  the  law  requiring  the  inspection  of  glassware  and  the  ex- 
amination of  operators  is  made  especially  clear  by  the  above 
records. 
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(c)  Inspection  of  Babcock  Machines.  —  The  inspection  of 
machines  the  present  year  has  been  in  charge  of  Mr.  William 
K.  Hepburn,  who  makes  the  following  report :  — 

The  annual  inspection  of  Babcock  machines  was  made  in  Novem- 
ber and  December  of  190G.  Fifty-one  places  were  either  visited  or 
heard  from,  but  of  these  only  33  came  under  the  law  requiring  in- 
spection. Those  not  coming  within  the  law  have  no  machine  in  many 
cases,  and  as  far  as  can  be  learned  neither  sell  nor  buy  on  the  test 
basis. 

Of  the  entire  number,  28  are  creameries  and  23  milk  depots. 
Nineteen  of  the  creameries  are  co-operative,  and  9  are  either  pro- 
prietary or  managed  by  stock  companies.  The  milk  depots  are  in 
nearly  every  case  proprietary.  Thirty-three  machines  were  inspected 
and  found  in  good  condition,  only  1  needing  minor  repairs.  Nearly 
all  the  machines  in  use  have  cast-iron  frames,  and  of  these  16  are 
Facile,  8  Agos  and  3  Wizard.  In  addition  to  the  above,  there  were 
in  use  3  steam  machines  having  galvanized  frames  and  3  electrical 
machines.  In  a  few  cases  the  machines  still  overheat  the  tests,  but 
allowance  is  made  for  this  by  letting  them  run  a  little  longer  with  the 
cover  lifted. 

Most  of  the  glassware  was  found  in  good  condition,  although  a 
few  still  use  very  dirty  bottles,  —  a  practice  which  cannot  be  too 
strongly  condemned.  Beside  the  regular  inspection,  four  city  milk 
inspectors  were  visited;  they  did  not  care  to  have  their  machines 
tested. 

The  following  parties  claim  they  do  not  pay  on  the  Babcock 
basis,  but  by  the  space,  can,  100  pounds  or  quart :  — 
Amherst  Co-operative  Creamery. 
Fort  River  Creamery  of  Amherst. 
Leominster  Creamery. 
Echo  Farm  Dairy  of  South  Framingham. 
Fitchburg  Creamery. 
Boston  Daiiy  Company  of  Gardner. 
James  Lawrence  Creamery  of  Groton. 
Este  Creamery  of  Marlborough. 
F.  D.  Shove  Creamery  of  West  Stockbridge. 
Wachusett  Creamery  of  Worcester. 
Worcester  Dairy  Company. 
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The  following  is  a  list  of  the  most  important  creameries 
and  milk  depots  now  in  operation :  — 


1.  Creameries. 


Location. 


Name. 


President  or  Manager. 


Amherst, 
Amherst, 
Ashfleld, 
Belchertown, 
Cheshire  (P.  O.  Adam 
Cheshire, 
Cheshire, 
Cummington, 
Easthampton, 


s), 


O.  N 


orth 


Egremont  (P. 

Egremont). 
Heath,  . 

Hinsdale, 

Lee, 

Leominster, 
Montague, 
Monterey, 


New  Salem  (P.  O.  Milling- 
ton). 
North  Brookfield, 


Northfield,  . 

Orange  (P.  O.  North 
ange). 

Sandislield  (P.O.  Nek- 
ton ). 

Shelburne, 


Oxbridge, 
Warren,  . 
Westfield, 
West  Newbury, 
Williamsburg, 


Worthington  (P.  O.  Ring, 
ville). 


Or- 
Bos- 


Amherst  Co-operative, 

Fort  River,  .... 

Ashfleld  Co-operative, 

Belchertown  Co-operative, 

Greylock  Co-operative, 

Highland  

West  Shore,  .... 

Cummington  Co-operative, 

Hampton  Co-operative, 

Egremont  Co-operative,  . 

Cold  Spring,  .... 

Hinsdale  Creamery  Com- 
pany. 
Lee  Co-operative, 

Leominster,  .... 

Montague  Creamery,  . 

Berkshire  Hills  Co-opera- 
tive. 

New  Salem  Co-operative,  . 

North  Brookfield, 

Northfield  Co-operative,  . 

Orange  Co-operative,  . 

Berkshire  Co-operative,  . 

Shelburne,  . 

Farnum's  Dairy,  . 

Worcester  County, 

Wyben  Spring  Co-opera- 
tive. 

West  Newbury  Co-opera- 
tive. 

Williamsburg  Co-operative, 
Worthington  Co-operative, 


F.  J.  Humphrey,  agent. 

E.  A.  King. 

G.  G.  Henry,  manager. 
M.  (J.  Ward,  president. 
C.  J.  Fales,  president. 

C.  W.  Prince. 
S.  W.  Curtis. 

W.  E.  Partridge,  manager. 

W.  A.  Wright,  superintend- 
ent. 

H.  O.  Harrington,  manager. 

I.  W.  Stetson  &  Son. 

W.  C.  Solomon,  manager. 
P.  A.  Agnew,  manager. 

G.  S.  Wass  &  Co. 

F.  A.  Rist,  manager. 

D.  A.  Campbell,  manager. 

W.  A.  Moore,  superintend- 
ent. 

H.  A.  Richardson. 

L.R.  Smith,  superintendent. 
C.  E.  Dunbar,  manager. 
L.  A.  Bonnel,  manager. 
C.  Williams,  manager. 
Geo.  Farnum. 
Gustal  Hallberg,  manager. 

C.  II.  Wolcott,  manager. 
R.  S.  Brown,  manager. 

D.  T.  Clark,  manager. 

M.  R.  Bates,  superintendent. 
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2.    Milk  Depots. 


Location. 

Name. 

President  or  Manager. 

Beverly,  .... 
Boston  (P.  O.  Roxbury),  . 

Cherry  Hill  Farm, 

Alden  Bros., .... 

Henry  Fielden,  superintend- 
ent. 

Boston    (P.  O. 

town). 
Boston    (P.  O. 

town). 
Boston,  . 

Charles- 
Charles- 

Boston  Dairy  Company,  . 

H.  P.  Hood  &  Sons,  . 

Walker -Gordon  Labora- 
tory. 

D.  Whiting  &  Sous,  . 

W.  A.  Graustein,  president. 
R.  A.  Hubbard,  manager. 

Boston     (P.  O. 
town). 

Charlcs- 

Geo.  Whiting,  manager. 
J.  R.  Blair,  superintendent. 

Conway, 

Boston  Dairy  Company;  . 

CP.  Hassel,  manager. 

F.  H.  Adams,  manager. 

Framingham  (P. 

Framingham). 
Fitchburg, 

O.  South 

Echo  Farm  Dairy, 
Fitchburg  Creamery,  . 

J.  Turner. 
G.  S.  Learned. 

Gardner, 

Boston  Dairy  Company,  . 

W.  Fitzsimmons,  manager. 

Lawrence  Creamery,  . 

M.  P.  Swallow,  manager. 

E.  W.  Park,  manager. 

Marlborough, 

Este's  Creamery,       .  •  . 

F.  S.  ESste. 

North  Adams, 

W.  H.  Freeman  Company, 

W.  G.  McKay,  manager. 

Sheffield, 

Willow  Brook  Dairy,  . 

G.  W.  Patterson,  manager. 

Southborough, 

Deerfoot  Farm  Dairy, 

S.  H.  Howes,  superintend- 
ent. 

F.  B.  Allen,  manager. 
H.  J.  Tait,  president. 

Springfield,  . 

Springfield    Co  -  operative 
Milk  Association. 

West  Stockbridge 

F.  D.  Shove  Creamery, 

C.  E.  Hardy,  manager. 

Worcester, 

Wachusett  Creamery, 

E.  H.  Thayer  &  Co. 

Worcester,  . 

Worcester  Dairy  Company, 

G.  R.  Bryant,  manager. 

The  Testing  of  Pure-bred  Cows. 
Breeders  of  Jersey  and  Guernsey  cows  in  Massachusetts 
continue  to  make  yearly  milk  and  butter  fat  tests  of  their 
stock  under  the  rules  of  their  respective  national  cattle  clubs. 
This  division  of  the  station  assists  in  the  work  by  furnishing 
reputable  parties  who  monthly  visit  each  herd  where  tests 
are  in  progress,  weigh  each  milking  during  twenty-four  or 
forty-eight  hours,  and  test  the  same  by  the  Babcock  for  the 
butter  fat  percentage.  The  cost  of  such  work  consists  of  the 
tester's  time  at  $2  to  $2.50  a  day,  together  with  his  travelling 
expenses,  board  and  breakage.  The  station  receives  its  pay 
from  the  Jersey  or  Guernsey  clubs.  There  have  been  com- 
pleted during  the  year  24  Guernsey  and  38  Jersey  records, 
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and  at  present  there  are  8  Guernseys  and  32  Jerseys  under- 
going yearly  tests.  Tests  are  likewise  being  conducted  for 
the  National  IIolstein-Friesian  Association.  These  are 
mostly  seven-day  tests  for  milk  and  butter  fat.  Occasionally 
breeders  test  their  animals  for  thirty  and  even  ninety  days. 
The  test  of  the  Ilolstein  cow  De  Kol  Creamelle  No.  59158, 
belonging  to  Mr.  1).  W.  Field,  which  yielded  in  one  hundred 
,  days  10,017  pounds  of  milk  containing  284.088  pounds  of 
fat,  was  made  by  Mr.  A.  D.  Guiel  of  this  station.  During 
the  year  72  Ilolsteins  have  been  tested,  requiring  the  ser- 
vices of  five  men  at  different  times  during  the  year.  The 
station  does  not  publish  the  results  obtained,  but  reports  the 
same  to  the  several  cattle  clubs,  and  keeps  a  duplicate  record 
on  file.  It  must  be  understood  that  the  making  of  appoint- 
ments for  tests,  the  furnishing  of  apparatus,  the  securing  of 
the  necessary  competent  men  and  the  verifying  of  the  re- 
sults require  considerable  time  and  thought,  and  necessarily 
interfere  with  the  other  work  of  this  department. 

Work  completed. 

Molasses.  —  There  has  been  completed  a  repeated  experi- 
ment with  Porto  Rico  molasses  as  a  food  for  dairy  stock. 
Digestion  tests  have  likewise  been  made,  in  which  it  is  shown 
that  molasses  depresses  the  digestibility  of  the  other  foods 
with  which  it  is  fed.  The  entire  results  will  be  published 
in  bulletin  form.  Porto  Rico  molasses  contains  some  1,100 
to  1,150  pounds  of  digestible  matter'  to  the  ton,  and  has  about 
80  per  cent,  of  the  nutritive  value  of  corn  meal. 

Digestion  Experiments  with  Sheep.  —  A  large  number  of 
digestion  experiments  have  been  completed  with  sheep,  and 
are  published  as  Part  II.  of  this  report.  Among  the  feeds 
tested  may  be  mentioned  sorghum  fodder,  Green  Diamond 
sugar  feed,  different  amounts  of  molasses,  red  and  white 
wheats  and  feed  barley. 

The  Physiological  and  Economical  Value  of  Protein  in 
Milk  Secretion.  —  Three  experiments  have  been  completed 
concerning  the  protein  requirements  of  dairy  cows,  and  it  is 
intended  to  publish  the  results  in  the  next  annual  report.  It 
was  not  possible  to  collate  the  data  and  prepare  the  same  for 
publication  in  time  for  the  present  report. 
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Work  in  Progress. 
Alfalfa  Meal.  —  An  experiment  is  at  present  in  progress 
to  study  the  value  of  alfalfa  meal  as  a  substitute  for  wheat 
bran  in  milk  production.  It  is  understood  to  be  the  inten- 
tion of  feed  jobbers  in  the  near  future  to  place  alfalfa  meal 
upon  the  market  in  liberal  quantities  as  a  competitor  of  bran, 
claiming  it  to  be  equal  in  feeding  value  and  superior  in  its 
effect  upon  the  general  health  and  condition  of  the  animal. 
The  indications  are  that  these  claims  cannot  be  fully  sub- 
stantiated. 

The  Effect  of  Molasses  upon  the  Digestibility  of  Other 
Feed  Stuffs.  —  German  investigators  have  long  since  estab- 
lished the  fact  that  the  addition  of  considerable  quantities 
of  starch,  sugar  and  roots  depresses  the  digestibility  of  the 
other  feeds  entering  into  the  composition  of  the  ration.  In 
our  previous  studies  with  Porto  Rico  molasses,  as  published 
elsewhere  in  this  report,  it  has  been  shown  that  when  molasses 
constituted  some  25  per  cent,  of  the  dry  matter  of  the  ration, 
a  depression  of  some  15  per  cent,  was  caused  in  the  digesti- 
bility of  the  latter.  Other  experiments  are  now  in  progress 
to  note  if  smaller  quantities  of  molasses  (10  per  cent,  of  the 
dry  matter  of  the  total  ration)  will  cause  relatively  as  large 
a  depression  as  twice  and  thrice  that  amount. 

The  Digestibility  of  Proprietary  Grain  Rations. — Nu- 
merous grain  mixtures  are  now  upon  the  market  as  ready 
rations  for  dairy  stock.  The  station  is  ascertaining  the  com- 
position and  particularly  the  digestibility  of  these  rations 
as  compared  with  home  mixtures  that  the  dairymen  can  pre- 
pare by  purchasing  the  high-grade  concentrates  to  be  had  in 
all  local  markets.  It  is  believed  that  most  of  these  proprie- 
tary mixtures  are  not  as  economical  nor  as  efficient  for  milk 
production  as  tjie  home  mixtures. 

Early  Amber  Sorghum.  —  The  station  has  continued  its 
observations  with  this  plant  as  a  summer  forage  crop.  Dif- 
ferent seedsmen  report  anywhere  from  50  to  100  pounds  of 
seed  to  be  necessary  for  an  acre  when  sown  broadcast.  Three 
twentieth-acre  plots  were  fertilized  alike,  and  the  sorghum 
sown  broadcast  at  the  rate  of  100,  80  and  60  pounds  to  the 
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acre.  The  yields  were  nearly  identical  in  each  case,  being 
at  the  rate  of  20  tons  of  green  material  to  the  acre  (har- 
vested September  3).  On  another  twentieth-acre  plot  the 
seed  was  drilled  in  at  the  rate  of  15  pounds  to  the  acre,  and 
a  yield  of  19  tons  to  the  acre  was  secured.  This  plot,  how- 
ever, was  very  weedy,  and  it  was  not  possible  to  separate  the 
weeds  from  the  sorghum  before  weighing  the  crop.  It  is 
evident  that  when  sown  broadcast  (which  appeared  to  be 
the  most  economical  way  for  forage  purposes)  much  less 
seed  is  required  to  the  acre  than  is  ordinarily  recommended. 
It  is  intended  to  repeat  these  trials  with  smaller  quantities 
of  seed. 

Alfalfa.  —  Observations  have  been  continued  on  alfalfa 
as  a  forage  crop.  A  small  piece  seeded  in  the  spring  of  1905 
came  through  the  winter  in  good  condition,  and  yielded 
three  crops  the  present  season,  aggregating  3.65  tons  of  hay 
to  the  acre  (figured  at  15  per  cent,  moisture).  Cuttings 
were  made  June  25,  August  3  and  September  2.  A  growth 
of  six  or  more  inches  has  been  allowed  to  remain  as  a  mulch 
during  the  winter. 

A  second  piece,  one-sixth  of  an  acre  in  area,  on  which 
alfalfa  had  been  for  two  years  previously,  but  which  had 
run  out,  was  plowed  in  the  spring  of  1906,  manured  at  the 
rate  of  6  cords  to  the  acre,  limed  with  burnt  lime  at  the  rate 
of  1  ton  to  the  acre,  a  fine  seed  bed  made,  and  seeded  with 
seed  procured  from  F.  E.  Dawley,  Fayetteville,  X.  Y.  (lo- 
cally known  as  Stillwell  seed),  and  a  light  seeding  of  oats 
(%  bushel  to  the  acre).  The  seed  came  up  well,  and  the 
combined  alfalfa  and  oats  were  cut  during  July  for  forage. 
A  second  cutting  was  made  in  September.  A  third  growth 
of  six  inches  has  been  left  as  a  mulch.  It  remains  to  be  seen 
if  this  piece  as  well  as  the  other  above  mentioned  will  with- 
stand the  present  winter,  and  continue  to  grow  without  being 
replaced  by  clover  and  grasses.  A  fuller  report  will  be  made 
later. 

Learning  v.  Pride  of  the  North  Corn.  —  The  comparative 
values  of  these  two  standard  varieties  are  being  studied,  to 
ascertain  if  one  has  any  particular  advantage  over  the  other 
for  grain  and  silage  purposes.    Accurate  determinations  of 
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composition  and  total  yields,  as  well  as  of  composition  and 
yields  of  stalk,  leaves,  husks,  grain  and  cob,  have  been  made. 
The  digestibility  of  the  two  varieties  has  also  been  deter- 
mined. The  experiment  will  be  repeated  if  necessary  during 
the  season  of  1907,  and  the  completed  data  published  as 
soon  as  possible  thereafter. 

Clover.  —  Clover  was  seeded  together  with  peas  and  oats, 
barnyard  millet  and  sorghum  the  present  season,  to  see  if  it 
would  not  develop  after  these  crops  had  been  removed  for 
soiling.  If  such  were  the  case,  it  would  save  plowing  and 
replanting,  and  the  ground  would  be  immediately  occupied 
by  another  valuable  forage  crop.  The  clover  came  up  well 
in  all  cases,  but  naturally  was  outstripped  by  the  more  rap- 
idly growing  annuals.  After  the  three  seedings  of  peas  and 
oats  had  been  successively  cut,  the  clover  began  to  grow;  but 
a  considerable  growth  of  weeds  and  wild  grasses  also  ap- 
peared, so  that  the  heavy  cutting  which  was  made  about  the 
middle  of  September  contained  rather  more  grass  than  clover. 
It  is  possible  that  the  clover  will  come  in  well  in  the  spring. 
The  millet  and  the  sorghum  grew  so  dense  that  the  clover 
was  nearly  all  killed  out,  hence  it  did  not  appear  practicable 
to  attempt  its  growth  with  such  forage  crops. 

Changes  in  Staff. 
Mr.  S.  R.  Parker,  who  was  employed  for  two  years  as 
dairy  tester,  resigned  June  1,  to  accept  a  position  as  super- 
intendent of  agriculture  at  the  Kamehameha  Schools,  Hono- 
lulu, IT.  T.  His  place  was  temporarily  filled  by  the  appoint- 
ment of  Mr.  J.  G.  Cook,  and  later  by  Mr.  H.  A.  Parsons, 
who  at  present  fills  the  position  most  acceptably.  On  August 
1  Mr.  Cook  resigned,  to  take  the  position  of  superintendent 
of  the  farm  connected  with  the  State  Asylum  for  the  Insane 
at  Northampton.  Mr.  A.  C.  Whittier,  who  so  acceptably 
filled  the  position  of  assistant  chemist  during  one  year,  sev- 
ered his  connection  with  this  division  July  1,  to  accept  a 
similar  and  more  lucrative  position  with  the  Maine  Experi- 
ment Station.  This  position  was  filled  by  the  appointment 
of  Mr.  L.  S.  Walker,  a  graduate  of  the  college  in  1905.  Mr. 
P.  G.  Helyar,  inspector  of  feeds  and  of  Babcock  machines, 
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resigned  October  1,  to  take  charge  of  the  agricultural  de- 
partment connected  with  Mt.  Hermon  School,  Xorthlicld, 
Mass.  Mr.  W.  K.  Hepburn  lias  been  appointed  to  succeed 
him.  While  the  writer  is  always  pleased  to  see  the  young 
men  connected  with  this  division  called  to  more  responsible 
positions,  it  must  be  acknowledged  that  such  changes  seri- 
ously interfere  with  the  work  of  the  station.  As  a  rule,  it  is 
believed  it  would  be  better  economy  to  pay  larger  salaries, 
and  retain  the  services  of  those  who  have  proved  themselves 
efficient  workers. 
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Part  II.  —  Work  ix  Animal  Nutrition. 


J.  B.  LINDSEY,  E.  B.  HOLLAND  AND  P.  II.  SMITH. 


The  Digestibility  of  Cattle  Foods. 
The  digestion  experiments  herein  reported  were  made 
during  the  autumn,  winter  and  early  spring  of  1904—05  and 
1905-06,  and  are  known  as  Series  X  and  XL  The  usual 
method  was  employed,  an  illustrated  description  of  which 
is  to  be  found  in  the  eleventh  report  of  the  Massachusetts 
Experiment  Station.  The  full  data  are  here  presented,  with 
the  exception  of  the  daily  production  of  manure  and  the 
daily  water  consumption,  in  which  cases,  to  economize  space, 
averages  only  are  given.  The  periods  extended  over  four- 
teen days,  the  first  seven  of  which  were  preliminary,  col- 
lection of  faeces  being  made  during  the  last  seven.  Ten 
grams  of  salt  were  given  each  sheep  daily,  with  water  ad 
libitum.  Three  lots  of  Southdown  wethers  were  employed 
in  the  several  trials,  and  were  known  as  the  Old  Sheep, 
Young  Sheep,  and  Paige  Sheep.  The  former  were  fully 
six  years  of  age,  and  the  latter  two  lots  three  to  four  years. 

Series  X. 

The  results  obtained  in  this  series  on  the  whole  can  be 
pronounced  satisfactory.  In  periods  L,  II.,  III.  and  IV. 
the  same  hay  was  used  as  in  the  year  preceding,  and  the 
digestion  coefficients  employed  in  calculating  the  results  of 
these  several  periods  were  as  follows :  1  — 


i  See  also  seventeenth  report  of  this  station,  page  46. 
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Old  Sheep 
II.  and  III. 

Young  Sheep 

Young  Sheep 
II. 

Young  Sheep 
EEL 

DO.  OU 

in  on 

54 .34 

51.53 

22.00 

13.86 

22.60 

16.55 

42.50 

37.37 

37.72 

36.36 

61.00 

49.98 

55.  So 

53.13 

Nitrogen-free  extract, . 

64.00 

56.29 

59.77 

57.02 

46.50 

38.24 

44.19 

36.97 

In  all  of  the  remaining  periods  a  new  lot  of  hay  was  used, 
and  the  following  coefficients  were  employed,  being  the  av- 
erage of  those  secured  for  each  group  of  sheep :  — 


Old  Sheep. 

Young  Sheep. 

Paige  Sheep. 

57.07 

57.98 

45.50 

43.64 

40.52 

47.37 

53.61 

63.79 

57.55 

59.06 

Nitrogen-free  extract  

63.08 

61.11 

61.41 

50.24 

51.71 

47.76 

The  composition  of  the  old  hay  used  in  the  first  four 
periods  was  taken  to  be  the  same  as  was  shown  by  the  two 
analyses  made  in  the  preceding  year.  The  composition  of 
the  new  hay  represents  the  average  of  three  analyses.  The 
average  of  the  several  analyses  follows :  — 


Old  Hay, 
1903-04. 

New  Hay, 
1904-O.S. 

6.44 

8.20 

6.24 

S.69 

32.48 

32.14 

Nitrogen-free  extract,  

52.70 

48.56 

2.14 

2.41 
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Composition  of  Feed  Stuffs  {Per  Cent.). 
[Dry  Matter.] 


FEED8. 

Ash. 

Fiber. 

Extract 
Matter. 

Fat. 

Soy  bean  fodder  

9.17 

21.69 

27.83 

37.75 

3.56 

Blomo  feed  

10.73 

17.23 

13.14 

0.62 

Malt  sprouts  

6.58 

28.65 

15.29 

47.70 

1.78 

Sucrene  dairy  feed,  

6.17 

18.48 

14.11 

56.95 

4.29 

Holstein  sugar  feed,  

7.31 

13.73 

10.88 

65.14 

2.94 

Macon  sugar  feed,  

6.83 

15.16 

10.20 

66.11 

1.70 

Hominy  feed,  

2.78 

11.59 

5.28 

71-54 

8.81 

Buckwheat  middlings  '  . 

4.82 

28.23 

-  8.95 

50.61 

7.39 

Oat  middlings,  

2.61 

17.72 

2.56 

69.47 

7.64 

Eureka  silage  corn  stover  

6.96 

8.00 

36.49 

47.16 

1.39 

Waste  Eureka  silage  corn  stover,  Sheep  II.,  . 

8.50 

6.71 

41.89 

41.89 

1.01 

Waste  Eureka  6ilage  corn  stover,  Sheep  III.,  . 

7.45 

6.02 

42.84 

42.48 

1.21 

Pride  of  the  North  corn  stover  

6.77 

7.23 

34.45 

50.01 

1.54 

Waste  Pride  of  the  North  corn  stover,  Sheep 
II. 

Waste  Pride  of  the  North  corn  stover,  Sheep 

7.64 

4.27 

40.94 

45.65 

1.50 

6.88 

3.76 

40.74 

47.14 

1.48 

III. 

Digestion  hay  fed  to  Paige  Sheep  IV., 

7.82 

8.56 

32.35 

48.75 

2.52 

Digestion  hay  fed  to  Young  Sheep,  . 

8.43 

8.70 

32.17 

48.33 

2.37 

Digestion  hay  fed  to  Old  Sheep  and  Paige 

8.35 

8.80 

31.89 

48.62 

2.34 

Sneep  V. 

Average  for  digestion  hay  (three  trials),  . 

8.20 

8.69 

32.14 

48.56 

2.41 

Composition  of  Fccces  {Per  Cent.). 
[Dry  Matter.] 
Old  Sheep  II. 


Periods.j 

Feeds. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

II., 

11.93 

25.59 

44.81 

2.26 

IV., 

Sucrene  feed,  

11.92 

12.32 

26.50 

47.05 

2.21 

v, 

Eureka  silage  corn  stover,  . 

7.96 

8.75 

34.10 

48.16 

1.08 

VII., 

Pride  of  the  North  corn  stover,  . 

9.54 

8.81 

30.27 

50.17 

1.21 

IX., 

Digestion  hay,  

11.48 

10.22 

29.56 

45.71 

3.03 

XI., 

Macon  sugar  feed,  

13.17 

12.90 

27.09 

44.26 

2.58 
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Composition  of  Fccces  {Per  Cent.)  —  Concluded. 

Old  Sheep  HI. 


Periods. 

Feeds. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Blomo  feed, 

16.33 

13.38 

23.99 

43.92 

2.38 

IV., 

Sucrcne  feed,  . 

12.53 

13.04 

24.84 

47.34 

2.25 

v., 

Eureka  silage  corn  stover, 

8.07 

9.73 

30.51 

50.05 

1.04 

VII., 

Pride  of  the  North  corn  stover,  . 

10.62 

9.41 

27.95 

50.84 

1.18 

IX., 

Digestion  hay,  . 

11.68 

10.52 

29.23 

45.67 

2.90 

XI, 

Macon  sugar  feed,  . 

13.57 

18.78 

26.40 

43.90 

2.38 

Young  Sheep  I. 

Soy  bean  fodder, 

13.22 

10.02 

36.33 

37.43 

3.00 

III, 

Malt  sprouts,  . 

12.97 

11.19 

27.80 

45.42 

2.62 

VIII., 

Digestion  hay,  . 

10.92 

10.26 

32.09 

44.01 

2.72 

x., 

Holstein  sugar  feed, 

13.10 

12.80 

28.36 

43.50 

2.24 

XIII., 

Buckwheat  middlings,  . 

11.52 

11.74 

3-2.08 

41.79 

2.87 

Yin  nig  Sheep  II. 

I., 

Soy  bean  fodder,  . 

13.19 

10.36 

36.24 

37.20 

3.01 

Ill, 

Malt  sprouts,  . 

13.11 

11.72 

26.74 

45.93 

2.50 

VIII., 

Digestion  hay,  . 

11.57 

11.18 

30.46 

44.06 

2.73 

X., 

Holstein  sugar  feed, 

13.06 

12.80 

27.49 

44.32 

2.33 

XIII, 

Buckwheat  middlings,  . 

11.23 

12.84 

31.65 

41.58 

2.70 

Young  Sheep  III. 

I., 

Soy  bean  fodder, 

13.40 

9.72 

36.36 

37.64 

2.88 

Ill, 

Malt  sprouts,  . 

12.93 

11.20 

28.13 

45.28 

2.46 

VIII, 

Digestion  hay,  . 

10.75 

10.60 

32.81 

M 

2.55 

X, 

Holstein  sugar  feed, 

11.65 

11.42 

30.23 

44.41 

2.29 

XIII, 

Buckwheat  middlings,  . 

10.62 

11.31 

32.98 

42.26 

2.83 

Paige  Sheep  1 1 '. 

VI, 

Digestion  hay,  . 

11.61 

9.90 

30.66 

44.91 

2.92 

XII, 

Hominy  feed,  . 

12.17 

12.75 

27.63 

43.68 

3.77 

XIV, 

<>;it  middlings,  . 

12.52 

12.52 

28.81 

42.82 

3.33 

Paige  Sheep  V. 

IX, 

Digestion  hay,  . 

11.23 

9.24 

31.93 

44.49 

3.11 

XII, 

Hominy  feed,  . 

11.02 

11.69 

28.64 

44.93 

3.72 

XIV, 

Oat  middlings, . 

11.81 

12.39 

29.35 

43.31 

3.14 
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Dry  Matter  Determinations  made  at  Time  of  weighing  out  the  Different 
Foods,  and  Dry  Matter  in  Manure  excreted,  determined  from  Air- 
dry  Faeces  {Per  Cent.). 

Old  Sheep  II. 


Periods. 

English 
Hay. 

Blomo 
Feed. 

Sucrene 
Feed. 

Eureka 
Silage 
Corn 

Stover. 

Pride  of 
the  North 
Corn 
Stover. 

Macon 
Sugar 
Feed. 

Waste. 

Faeces. 

II., 

87.70 

81.77 

91.35 

IV., 

87.35 

86.87 

93.61 

v.,      .  . 

37.11 

43.15 

94.16 

VII., 

81.87 

88.89 

94.22 

IX., 

89.77 

95.03 

XI., 

90.30 

94.45 

93.96 

Old  Sheep  III. 


IX., 

87.70 

81.77 

91.42 

IV., 

87.35 

86.87 

93.64 

v., 

37.11 

45.63 

93.96 

VII.,       .  . 

81.87 

85.63 

94.03 

IX.,       .  . 

89.77 

94.84 

XI., 

90.30 

94.45 

93.57 

Dry  Matter  Determinations,  etc.  —  Continued. 

Young  Sheep  I. 


Periods. 

English 
Hay. 

Soy  Bean 
Fodder. 

Malt 

Sprouts. 

Holstein 
Sugar 
Feed. 

Buckwheat 
Middlings. 

Waste. 

Faeces. 

88.40 

20.64 

89.51 

Ill  

88.02 

84.68 

93.09 

VIII  

88.52 

93.97 

X,        .       .  . 

89.90 

91.66 

94.15 

XIII., 

90.55 

90.74 

94.40 

Young  Sheep  II. 


88.40 

20.64 

89.44 

Ill  

88.02 

84.68 

92.93 

VIII., 

88.52 

94.01 

X.,    .   .  . 

89.90 

91.66 

94.19 

XIII  

90.55 

90.74 

93.91 
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Dry  Matter  Determinations,  etc.  —  Continued. 

Young  Sheep  III. 


Pkbiods. 

English 
Hay. 

Soy  Bean 
Fodder. 

Malt 
Sprouts. 

Holstein 
Sugar 
Feed. 

Buckwheat 
Middlings. 

Waste. 

Faeces. 

I  

88.40 

20.G4 

89.54 

IV., 

88.02 

84. 08 

93.13 

VIII., 

88.52 

93.91 

X  

89.90 

91.66 

94.35 

XIII., 

90.55 

90.74 

94.28 

Dry  Matter  Determinations,  etc.  —  Concluded. 
Paige  Sheep  IV. 


Periods. 

English 
Hay. 

Hominy 
Feed. 

Oat 
Middlings. 

Waste. 

Faeces. 

XII.,  

90.62 

90.94 

91.07 

93.35 
94.09 
93.73 

Paige  Sheep  V. 

90.94 

91.07 

95.08 
94.20 
93.52 

Average  Daily  Amount  of  Manure  excreted  and  Water  drank  (Grams). 

Old  Sheep  It. 


Periods. 

Character  of  Ration. 

Manure 
excreted 
daily. 

Sample 
Air  Dry. 

Water 
drank  daily. 

II., 
IV., 

v., 

VII., 
IX., 
XI., 

Eureka  silage  corn  stover  

Pride  of  the  North  corn  stover, 

671 
751 
765  . 
1,058 
775 
739 

32.80 
31.15 
31.07 
37.63 
32.54 
31.99 

1,306 
1,144 
lost. 
1,667 
1,643 
1,592 

Old  Sheep  III. 

II., 
IV., 

v., 

VII., 
IX., 
XI., 

Eureka  silage  corn  stover  

Pride  of  the  North  corn  stover, 

675 
867 
921 
1,123 
1,107 
1,155 

30.83 
32.31 
28.91 
34.40 
34.30 
31.21 

1,578 
1,606 
804 
2,500 
2,430 
2,227 
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EXPERIMENT  STATION. 


[Jan. 


Average  Daily  Amount  of  Manure  excreted  and  Water  drank  (Grams) 

—  Concluded. 
Young  Sheep  I. 


O 

phi 

Chabactbb  of  Ration. 

Manure 
excreted 
daily. 

Sample 
Air  Dry. 

Water 
drank  daily. 

Li 

in., 

VIII., 

X, 

xra., 

Soy  bean  fodder,  

Malt  sprouts,  

Digestion  hay  

Holstein  sugar  feed  

Buckwheat  middlings  

615 
870 
961 
1,008 
743 

30.28 
30.43 
33.17 
29.21 
28.62 

188 
1,392 
1,693 
1,608 
1,689 

Young  Sheep  H. 

I« 
III., 
VIII., 
X., 
XIII., 

Soy  bean  fodder  

573 
746 
984 
868 
882 

30.70 
30.48 
30.86 
28.04 
27.91 

1,169 
2,334 
2,471 
2,249 
2,410 

Young  Sheep  III. 

I-, 
III., 
VIII., 
X., 
XIII., 

Holstein  sugar  feed,  

638 
791 
1,152 
743 
699 

32.68 
30.86 
33.02 
29.30 
29.59 

1,666 
2,486 
2,500 
2,335 
2,486 

Paige  Sheep  IF. 

VI, 
IX., 
XII., 
XIV., 

678 

596 
598 

32.15 

25.37 
24.85 

1,138 

1,901 
1,924 

Paige  Sheep  V. 

VI., 
IX, 
XII, 
XIV, 

Digestion  hr.y,  

Digestion  hay  

699 
630 
661 

31.41 
26.31 
25.85 

1,924 
1,666 
1,814 
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Weights  of  Animals  at  Beginning  and  End  of  Period  (Pounds). 

Old  Sheep  II. 


a 

Perioc 

Character  of  Ration. 

Beginning. 

End. 

n.f 

154.75 

152.00 

IV., 

157.75 

v., 

156.60 

154.00 

VII., 

Pride  of  the  North  corn  stover  

154.50 

157.00 

IX., 

157.25 

XI., 

160.00 

157.75 

Old  Sheep  2H. 

n., 

1G3.00 

160.00 

IV., 

164.25 

162.25 

v., 

163.25 

163.00 

VII., 

Pride  of  the  North  corn  stover  

164.50 

161.00 

IX., 

167.00 

165.25 

XI., 

164.00 

164.25 

Young  Sheep  I. 

I., 

101.50 

99.75 

III., 

109.50 

109.75 

VIII., 

120.00 

116.00 

X., 

Holstein  sugar  feed,  

116.00 

114.25 

XIII., 

113.00 

114.00 

Young  Sheep  II. 

I-i 

102.50 

101.00 

III., 

110.50 

108.50 

VIII., 

122.00 

120.00 

x., 

115.75 

116.00 

.XIII., 

115.25 

116.00 

Young  Sheep  III. 

U 

97.00 

95.75 

III., 

101.50 

VIII., 

Digestion  hay  

111.00 

107.50 

X., 

106.00 

106.00 

XIII., 

106.50 

106.50 
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Weights  of  Animals,  etc.  —  Concluded. 

Paige  Sheep  IV. 


riods. 

Chabactkb  or  Ration. 

Beginning. 

End. 

■ 

5 

VI, 

156.00 

155.50 

IX, 

XII, 

154.50 

152.00 

XIV, 

155.50 

155.00 

Paige  Sheep  V. 


VI, 

IX, 

133.25 

137.75 

XII, 

140.00 

140.25 

XIV, 

141.00 

143.26 

Period  I. 

Young  Sheep  I. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

350  grams  English  hay  fed,  . 
1,800  grains  soy  hean  fodder  fed,  . 

Amount  consumed,  

302.84  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 

Soy  hean  fodder  digested, 

Per  cent,  digested  

309.40 
371.52 

19.93 
34.07 

19.31 
80.58 

100.49 
103.39 

163.05 
140.25 

6.62 
13.23 

680.92 
271.07 

54.00 
35.84 

99.89 
27.16 

203.88 
98.48 

303.30 
101.46 

19.85 
8.13 

409.85 
154.36 

18.16 
2.76 

72.73 
7.22 

105.40 
50.22 

201.84 
91.78 

11.72 
2.65 

255.49 
68.77 

15.40 
45.20 

65.51 
81.30 

55.18 
63.37 

110.06 
78.47 

9.17 
69.31 

Young  Sheep  II. 

Amount  consumed  as  ahove, . 
307.13  grams  manure  excreted, 
Grams  digested,  .*.... 
Minus  hay  digested,  .... 
Soy  hean  fodder  digested, 
Per  cent,  digested,  

680.92 
274.70 

54.00 
36.23 

99.89 
28.46 

203.88 
99.55 

303.30 
102.19 

19.86 
8.27 

406.22 
168.13 

17.77 
4.50 

71.43 
7.28 

104.33 
66.12 

201.11 
97.46 

11.58 
2.93 

238.09 
64.09 

13.27 
38.95 

64.15 
79.61 

48.21 
46.63 

103.66 
73.91 

8.65 
65.38 
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Period  I.  —  Concluded. 
Young  sin  ep  ill. 


Daily  Record. 

Dry 
Mutter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above, . 
326.78  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 
Soy  bean  fodder  digested, 

Per  cent,  digested  

Average  per  cent,  three  sheep  digested, 

680.1)2 
292.60 

54.00 
39.21 

99.89 
28.44 

203 . 88 
106.39 

303.30 
110.13 

19.85 
8.43 

3S8.32 
150.43 

14.70 

3.30 

71.45 
7.08 

97.40 
53.39 

103.17 
92.97 

11.42 
2.45 

228.80 
61.61 

11.49 
33.72 

64.37 
79.88 

44.10 

42.65 

100.20 
71.44 

8.97 
67.80 

64.82 

39.29 

80.26 

47.55 

74.61 

67.50 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 : 4.54. 


Period  II. 
Old  Sheep  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

500  grams  English  hay  fed,  . 
400  grams  Blomo  feed  fed, 

Amount  consumed,  

328.04  grams  manure  excreted,  . 

Grams  digested  

Minus  hay  digested,  .... 
Blomo  feed  digested,  .... 
Per  cent,  digested,  

438.50 
327.08 

28.24 
35.10 

27.36 
56.36 

142.42 
42.98 

231.09 
190.62 

0.38 
2.03 

765.58 
299.66 

63.34 
46.18 

83.72 
35.75 

185.40 
76.68 

421.71 
134.28 

11.41 

6.77 

465.92 
256.52 

17.16 
6.21 

47.97 
11.63 

108.72 

86.88 

287.43 
147.90 

4.64 
4.36 

200.40 
64.02 

10.95 
31.20 

36.34 
64.48 

21.84 
50.81 

130.53 
73.20 

.28 
13.79 

Old  Sheep  III. 

Amount  consumed  as  above, . 
308.33  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested  

Blomo  feed  digested,  .... 

Per  cent,  digested,  

Average  per  cent,  tw  o  sheep  digested, 

765.58 
281.88 

63.34 
46.03 

83.72 
37.72 

185.40 
67.62 

421.71 
123.80 

11.41 

6.71 

483.70 
256.52 

17.31 
6.21 

46.00 
11.63 

117.78 

86.88 

•2'.  17. 01 
147.90 

4.70 
4.36 

227.18 
69.46 

11.10 

31.62 

34.37 
60.98 

30.00 
71.89 

150.01 
78.70 

.34 
16.75 

66.74 

31.41 

62.73 

61.35 

75.05 

15.27 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  8.86. 
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EXPERIMENT  STATION. 


[Jan. 


Period  III. 

Young  Sheep  I. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

GOO  grams  English  hay  fed,  . 
200  grams  malt  sprouts  fed,  . 

Amount  consumed,  

304.24  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 

Malt  sprouts  digested  

Per  cent,  digested,  ..... 

528.12 
169.36 

34.01 
11.14 

32.95 
48.52 

171.53 

25.90 

278.32 
80.78 

11.30 
3.01 

697.48 
283.22 

45.15 
36.73 

M.47 
31.69 

197.43 
78.74 

3.VJ.10 
128.64 

14.31 
7.42 

414.26 
263.48 

8.42 
4.71 

49.78 
12.31 

118.69 
85.73 

230.46 
156.67 

6.89 
4.32 

150.78 
89.03 

3.71 
33.30 

37.47 
77.23 

32.% 
100+ 

73.79 
91.35 

2.57 
85.38 

Young  Sheep  II. 

Amount  consumed  as  above, 
304. SI  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 
Malt  sprouts  digested,  .... 
Per  cent,  digested,  

697.48 
283.26 

45.15 
37.14 

81.47 
33.20 

197.43 
75.74 

359.10 
130.10 

14.31 
7.08 

414.22 

286.98 

8.01 
7.69 

48.27 
12.43 

121.69 
95.80 

229.00 
166.35 

7.23 
4.99 

127.24 
75.13 

.32 
2.87 

35.84 
73.87 

25.89 
100.00 

62.65 
77.56 

2.24 
74.42 

Young  Sheep  III. 

Amount  consumed  as  above, . 
308.60  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested  

Malt  sprouts  digested  

Per  cent,  digested  

Average  per  cent,  three  sheep  digested, 

697.48 
287.40 

45.15 
37.16 

81.47 
32.19 

197.43 

80.85 

359.10 
130.13 

14.31 
7.07 

410.08 
272.14 

7.99 
5.63 

49.28 
12.08 

116.56 
91.13 

228.97 
158.70 

7.24 
4.18 

137.14 
81.45 

2.36 
21.18 

37.20 
76.67 

25.45 
98.26 

70.27 
86.99 

3.06 
100+ 

81.87 

19.12 

75.92 

•19.42 

85.30 

86.60 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 ;  7.42. 
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Period  IV. 

Old  Sheep  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nit  rogen- 

free 
Extract. 

Fat. 

600  grams  English  hay  fed,  . 
300  grams  Sucrene  dairy  feed  fed, 

Amount  consumed,  

311.47  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested  

Sucrene  dairy  feed  digested, . 

Per  cent,  digested  

524.10 
260.61 

33.75 
16.08 

32.70 
48.16 

170.23 
36.77 

276.20 
148.42 

11.22 
11.18 

784.71 
291.57 

49.83 
34.76 

80.86 
35.92 

907.00 
77.27 

424.09 
137.18 

22.40 
6.44 

493.14 
306.60 

15.07 
7.43 

44.94 
13.90 

190.78 
103.84 

287-41 
176.77 

15.96 
5.22 

186.. 54 
71.58, 

7.64 
47.51 

31.04 
64.45 

25.89 
70.41 

110.67 
74.57 

10.74 

96.06 

Old  Sheep  III. 

Amount  consumed  as  above, . 
323.07  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  

Sucrene  dairy  feed  digested,  . 

Average  per  cent,  two  sheep  digested, . 

784.71 
302.52 

49.83 
37.91 

80. S6 
39.45 

207.00 
75.15 

424.62 
143.21 

22.40 
6.81 

482.19 
306.60 

11.92 
7.43 

41.41 

13.90 

131.85 
103.84 

asi.4] 

176.77 

15.59 
5.22 

175.59 

4.49 
27.92 

27.51 
57.12 

27.01 
73.46 

104.64 
70.50 

10.37 
92.75 

69.48 

37-72 

60.79 

71.94 

72.54 

94.41 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 10.4. 


Period  V. 
Old  Sheep  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,800  grams  Eureka  silage  corn  stover, 
Minus  89  grams  waste,  .... 

Amount  consumed  

310.74  grams  manure  excreted, 

Grams  digested,  

Per  cent,  digested,  

667.98 
38.40 

46.49 
3.26 

53.44 
2.58 

243.75 
16.09 

315.02 
16.09 

9.2S 
.38 

629.58 
292.59 

43.23 
23.29 

50.86 
25.60 

287.68 
99.77 

298.93 
140.91 

8.90 
3.01 

336.99 
53.53 

19.94 
46.13 

25.20 
49.67 

189.89 
56.18 

1.58.02 
52.86 

5.89 
66.18 
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EXPERIMENT  STATION. 


[Jan. 


Period  V.  —  Concluded. 
Old  Sheep  III. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,800  grams  Eureka  silage  corn  stover, 
Minus  133.20  grams  waste, 

Amount  consumed,  

289.07  grams  manure  excreted, 

Grams  digested,  

Per  cent,  digested,  ...... 

Average  per  cent,  two  sheep  digested, 

667.98 
60.78 

46.49 
4.53 

53.44 

3.66 

243.75 
26.04 

315.02 
25.82 

9.28 
0.74 

607.20 
271.61 

41.96 

23.55 

49.78 
26.43 

217.71 
82.87 

289.20 
135.94 

8.54 
2.82 

335.59 
55.27 

18.41 
43.88 

23.35 
46.91 

134.84 
61.94 

153.26 
52.99 

5.72 
66.98 

54.40 

45.01 

48.29 

69.06 

52.93 

66.58 

Average  nutritive  ratio  of  rations  for^two  sheep,  1 : 12.3. 

Period  VI. 
Paige  Sheep  IV. 

Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,  . 
321.50  grams  manure  excreted,  . 

Grams  digested  

Per  cent,  digested,  

706.80 
300.12 

55.27 
34.84 

60.50 
29.71 

2-28.65 
92.02 

344.57 
134.78 

17.81 
8.76 

406.68 
57.54 

20.43 
36.96 

30.79 
50.89 

136.63 
59.76 

209.79 
60.88 

9.05 
50.81 

Nutritive  ratio  of  ration,  1: 11.9. 

Period  VII. 
Old  Sheep  27. 

Daily  Record. 

Dry 
Matter. 

Ash. 

Protein 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,000  grams  Pride  of  the  North  corn 

stover. 
Minus  74.64  grams  waste, 

Amount  consumed,  

376.31  grams  manure  excreted,  . 

Grams  digested,      .  •  . 

Per  cent,  digested,  

818.70 
66.35 

55.43 
5.07 

59.19 
2.83 

282.04 
27.16 

409.43 
30.29 

12.61 
1.00 

752.35 
354.56 

50.36 
33.83 

56.36 
31.24 

254.88 
107.33 

379.14 
177.88 

11.61 
4.29 

397.79 
52.87 

16.53 
32.82 

25.12 
44.57 

147.55 
57.89 

201.26 
53.08 

7.82 
63.05 
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Period  VII.  —  Concluded. 

Old  Sheep  HI. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 

Vxtraot 

Fat. 

1,000  grams  Pride  of  the  North,  corn 

stover. 
Minus  115.45  grams  waste, 

Amount  consumed,  

844.01  grams  manure  excreted, 

Grams  digested,      .      .  . 

Per  cent,  digested  

Average  per  cent,  two  sheep  digested, 

818.70 
98.86 

55.43 
6.80 

59 . 19 
3.72 

282.04 
40.28 

409.43 
46.60 

12.61 
1.46 

719.84 
323.47 

48.68 
34.35 

55.47 
30.44 

241.76 
90.41 

362.83 
164.45 

11.15 

3.82 

886.87 
55.06 

14.28 
29.36 

25.03 
45.12 

151.35 
62.60 

198.38 
54.68 

7.33 
65.75 

53.97 

31.09 

44.85 

60.2ft 

53.88 

64.40 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 14.6. 

Period  VIII. 

Young  Sheep  I. 

Dally  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,  . 
331.74  grams  manure  excreted, 

Grams  digested,  

Per  cent,  digested,  

708.16 
311.74 

59.70 
34.04 

61.61 
31.98 

227.82 
100.04 

342.25 
137.20 

16.78 
8.48 

396.42 
55.98 

25.66 
42.98 

29.63 
48.09 

127.78 
56.09 

205.05 
59.91 

8.30 
49.46 

Young  Sheep  II. 


800  grams  English  hay  fed,  . 
308.60  grams  manure  excreted, 

Grams  digested  

Per  cent,  digested,  

708.16 
290.11 

59.70 
33.57 

61.61 
32.43 

227.82 
88.37 

342.25 
127.82 

16.78 
7.92 

418.05 
59.03 

26.13 
43.77 

29.18 
47.36 

139.45 
61.21 

214.43 
62.65 

8.86 
52.80 

Young  Sheep  III. 

800  grams  English  hay  fed,  . 
330.18  grams  manure  excreted, 

Grams  digested,  

Per  cent,  digested  

Average  per  cent,  three  sheep  digested, 

708.16 
310.07 

59.70 
33.33 

61.61 
32.87 

227.82 
101.73 

342.25 
134.23 

16.78 
7.91 

398.09 
56.21 

26.37 
44.17 

28.74 
46. 65 

126.09 
55.35 

208.02 
60.78 

8.87 
52.86 

57.07 

43.64 

47.37 

57.55 

61.11 

51.71 

Average  nutritive  ratio  of  rations  for  three  sheep,  1: 12.3. 
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EXPERIMENT  STATION. 


[Jan. 


Period  IX. 
Old  Sheep  TL 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

900  grams  English  hay  fed,  . 
325.43  grams  manure  excreted, 

Grams  digested,  

Per  cent,  digested  

807.93 
309.26 

67.46 
35.50 

71.10 
31.61 

257.65 
91.42 

392.82 
141.36 

18.91 
9.37 

488.67 
61.72 

31.96 
47.36 

30.49 
55.54 

106.23 
64.52 

251.46 
64.01 

11.54 
60.45 

Old  Sheep  227. 

900  grams  English  hay  fed,  . 
343  grams  manure  excreted,  . 

Grams  digested,  

Per  cent,  digested  

807.93 
325.30 

67.46 
38.00 

71.10 
34.22 

257.65 
95.09 

392.82 
L48.H8 

18.91 
9.43 

482.63 
59.74 

29.46 
43.67 

36.88 
51.87 

162.56 
63.09 

244.20 
62.18 

9.47 
50.08 

Paige  Sheep  V. 

800  grams  English  hay  fed,  . 
314.13  grams  manure  excreted, 

Grams  digested  

Per  cent,  digested  

Average  per  cent,  three  sheep  digested, 

718.16 
298.67 

59.97 
33.54 

63.20 
27.60 

229.02 
95.37 

349.17 
132.88 

16.80 
9.29 

419.49 
58.41 

26.43 
44.07 

35.60 
56.33 

133.65 
58.36 

216.29 
61.94 

7.51 
44.70 

60.73 

45.52 

53.71 

63.81 

63.10 

50.27 

Average  nutritive  ratio  of  rations  for  three  sheep,  1: 11.3. 


Period  X. 

Young  Sheep  I. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

500  grams  English  hay  fed,  . 
300  grams  Ilolstein  sugar  feed,  . 

Amount  consumed,  

292.11  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested,  .... 

Ilolstein  sugar  feed  digested, 

Per  cent,  digested,  

449.50 
274.98 

36.86 
20.10 

39.06 
37.75 

144.47 
29.92 

218.28 
179.12 

10.83 
8.06 

724.48 
275.02 

56.96 
36.03 

76.81 
35.20 

174.39 
78.00 

397.40 
119.63 

18.91 
6.16 

449.46 

25(5.53 

20.93 
16.09 

41.61 
18.50 

96.39 
83.14 

277.77 
133.39 

12.75 
5.60 

193.98 
70.16 

4.84 
24.08 

23.11 
61.22 

13.25 
44.28 

144.38 
80.61 

7.15 
88.49 
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Period  X.  —  Concluded. 

Young  Sheep  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above,  . 
280.41  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 

Holstein  sugar  feed  digested, 

Per  cent,  digested,  

724.48 
264.12 

56.96 
34.49 

76.81 
33.81 

174.39 
72.61 

397.40 
117.06 

18.91 
6.15 

400.36 
K6.NI 

22.47 
16.09 

43.00 
18.50 

101.78 
83.14 

280.34 
133.39 

12.76 
5.60 

203.83 
74.13 

6.38 
31.74 

24.50 
64.90 

18.04 
62.30 

140.95 
82.04 

7.16 
88.61 

Young  Sheep  TIL 

Amount  consumed  as  above, . 
293.03  grams  manure  excreted, 
Grams  digested,  ..... 
Minus  hay  digested,  .... 
Holstein  sugar  feed  digested, 

Per  cent,  digested,  

Average  percent,  three  sheep  digested, 

724.48 
276.47 

56.96 
32.21 

76.81 
31.57 

174.39 

83.58 

397.40 
122.78 

18.91 
6.33 

448.01 
256.53 

24.75 
16.09 

45.24 
18.50 

90.81 
83.14 

274.62 
133.39 

12.58 
5.60 

191.48 
69.63 

8.66 
43'.  08 

26.74 
70. 83 

7.67 

25.64 

U1.23 
78.85 

6.98 
86.39 

71.31 

32.97 

65.65 

44.07 

80. 50 

87.83 

Average  nutritive  ratio  of  rations  for  three  sheep,  1:9.3. 

Period  XL 

Old  Sheep  I. 

Daily  Record. 

Dry 
Matter. 

Ash 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,  . 
300  grams  Macon  sugar  feed, 

Amount  consumed,  

319.90  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested,  .... 

Macon  sugar  feed  digested,  . 

Per  cent,  digested,  

541.80 
283.35 

44.43 
19.35 

47.08 
42.96 

174.13 
28.90 

263.10 
187.32 

13.06 
4.82 

825.15 
300.58 

63. 7S 
39.59 

90.04 
38.77 

203.03 
81.43 

450.42 
133.04 

17.88 
7.75 

524.57 
328.98 

24.19 
20.22 

51.27 

25.28 

121.60 
111.08 

317.38 
165.96 

10.13 
6.56 

196.59 
69.03 

8.97 
20.52 

25.99 
60.50 

10.52 
36.40 

151.42 

80.83 

3.57 
74.07 
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EXPERIMENT  STATION. 


[Jan. 


Period  XI.  —  Concluded. 
Old  Sheep  III. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 

Fat. 

Amount  consumed  as  Above, .      •  • 
312.14  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 
Macon  sugar  feed  digested,  . 
Per  cent,  digested,  .      .      .      .  . 
Average  per  cent,  two  sheep  digested, 

aos  1  k 
NSO.  lO 

292.07 

DO.  (0 

39.63 

OA  ill 

40.16 

•)AQ  HQ 
iUO .  (Jo 

77.11 

128.22 

IT  fifi 
I  i  .OO 

6.95 

533.08 
328.98 

24.15 
20.22 

49.88 
25.28 

125. 92 
111.08 

322.20 
165.96 

10.93 
6.56 

204.10 
72.03 

3.93 
20.31 

24.60 
57.26 

14.84 
51.35 

156.24 
83.41 

4.37 
90.66 
82.37 

70.53 

20.42 

58.88 

43.88 

82.12 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 9.2. 


Period  XII. 

Paige  Sheep  IV. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free     i  Fat. 
Extract.  ! 

550  grams  English  hay  fed,  . 

300  grams  hominy  feed  

Amount  consumed,  ..... 
253.67  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested  

Hominy  feed  digested,  .... 
Per  cent,  digested  

498.41 
272.22 

40.87 
7.57 

43.31 
31.55 

160.19 
14.37 

242.03 
194.75 

12.01 
23.98 

770.63 
238.68 

48.44 

29.05 

74.86 
30.43 

174.56 
65.95 

436.78 
104.26 

35.99 
9.00 

531.95 
288.98 

19.39 
16.56 

44.43 
23.22 

108.61 
94.61 

332.52 
148.63 

26.99 
5.74 

242.97 
89.26 

2.83 
37.38 

21.21 
67.23 

14.00 
97.43 

183.89 
94.42 

21.25 
88.62 

Paige  Sheep  V. 

Amount  consumed  as  above, . 
263.07  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested,  .... 
Hominy  feed  digested,  .... 

Per  cent,  digested,  

Average  per  cent,  two  sheep  digested, 

770.63 
247.81 

48.44 
27.31 

74.86 
28.97 

174.56 
70.97 

436.78 
111.34 

35.99 
9.22 

522.82 
288.98 

21.13 
16.56 

45.89 
23.22 

103.59 
94.61 

325.44 
148.63 

26.77 
5.74 

233.84 
85.90 

4.57 
60.37 

22.67 
71.85 

8.98 
62.49 

176.81 
90.79 

21.03 
87.70 

87.58 

48.88 

69.54 

79.96 

92.61 

88.16 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 10.9. 
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Period  XIII. 

Young  Sheep  I. 


Dally  Recobd. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  English  hay  fed,  . 
250  grams  buckwheat  middlings,  . 

Amount  consumed,  

286.23  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested  

Buckwheat  middlings  digested,  . 
Per  cent,  digested,  

498.03 
226.88 

40.84 
10.93 

43.28 
64.04 

160.07 
20.30 

241.84 
114.81 

12.00 
16.76 

724.88 
270.20 

51.77 
31.13 

107.32 
31.72 

180.37 
86.68 

356.65 
112.92 

28.76 
7.75 

454.68 
2S4.23 
170.45 
75.14 

20.64 
17.82 

75.60 
20.50 

93.69 
92.12 

243.73 
147.79 

21.01 
6.21 

2.82 
25.80 

55.10 
86.04 

1.57 
7.73 

95.94 
83.56 

14.80 
88.31 

Young  Sheep  II. 

Amount  consumed  as  above, . 
279.07  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 
Buckwheat  middlings  digested,  . 
Per  cent,  digested,  

724.88 
262.07 

51.77 
29.43 

107.32 
33.65 

180.37 
82.95 

356.65 
108.97 

28.76 
7.08 

462.81 
284.23 
178.58 
78.72 

22.34 
17.82 

73.67 
20.50 

97.42 
92.12 

247.68 
147.79 

21.68 
6.21 

4.52 
41.35 

53.17 
83.03 

5.30 
26.11 

99.89 
87.00 

15.47 
92.30 

Young  Sheep  III. 

Amount  consumed  as  above,  . 
295.90  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 
Buckwheat  middlings  digested,  . 

Per  cent,  digested,  

Average  per  cent,  three  sheep  digested, 

724.88 
278.97 

51.77 
29.63 

107.32 
31.55 

180.37 
92.00 

356.65 
117.89 

28.76 
7.89 

445.91 
284.23 

22.14 
17.82 

75.77 
20.50 

88.37 
92.12 

238.76 
147.79 

20.87 
6.21 

161.68 
71.27 

4.32 
39.52 

55.27 
86.31 

90.97 
79.24 

14.66 
87.47 

75.04 

35.56 

85.13 

16.921 

83.27 

89.36 

Average  nutritive  ratio  of  rations  for  three  sheep,  1:  5.1. 


i  Average  two  sheep. 
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EXPERIMENT  STATION. 


[Jan. 


Period  XIV. 

Paige  Sheep  IV. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  English  hay  fed,  . 
300  grams  oat  middlings, 

Amount  consumed,  

248.47  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 
Oat  middlings  digested  

497.48 
273.21 

40.79 
7.13 

43.23 
48.41 

159.89 
6.99 

241.58 
189.80 

11.99 

20.87 

770.69 
232.89 

47.92 
29.16 

91.64 
29.16 

166.88 
67.10 

431.38 
99.72 

32.86 
7.76 

537.80 
288.44 

18.76 
16.53 

62.48 
23.18 

99.78 
94.43 

331.66 
148.35 

25.10 
5.73 
19.37 
92.81 

249.36 

2.23 
31.28 

39.30 
81.18 

5.35 
76.54 

183.31 
96.58 

Paige  Sheep  V. 

Amount  consumed  as  ahove, 
258.53  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested  

Oat  middlings  digested,  .... 

Per  cent,  digested,  

Average  per  cent,  two  sheep  digested, 

770.69 
241.78 

47.92 
28.55 

91.64 
29.96 

166.88 
70.96 

431.38 
104.71 

32.86 
7.59 

52S.91 
288.44 

19.37 
16.53 

61.68 
23.18 

95.92 
94.43 

326.67 
148.35 

25.27 
5.73 

240.47 
88.02 

2.84 
39.83 

38.50 
79.53 

1.49 

21.32 

178.32 
93.95 

19.54 
93.63 

89.65 

£5.56 

80.36 

48.93 

95.27 

93.22 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 7.8. 


Summary  of  Coefficients. 


Coefficients 
determined  on  — 

Sheep  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Young  Sheep  I.,  . 

68.77 

45.20 

81.30 

53.37 

78.47 

69.31 

Soybean  fodder,  1 

Young  Sheep  11., 

64.09 

38.95 

79.61 

46.63 

73.91 

65.38 

Young  Sheep  III., 

61.61 

33.72 

79.88 

42.65 

71.44 

67.80 

Average,  . 

64.82 

39.29 

80.26 

47. 5r) 

74.61 

67.50 

Blomo  feed,    .  j 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 

64.02 
69.46 

31.20 
31.62 

64.48 
60.98 

50.81 
71.89 

73.20 
78.70 

13.79 
16.75 

Average,  . 

66.74 

31.41 

62.73 

61.35 

75.95 

15.27 

Young  Sheep  I.,  . 

89.03 

33.30 

77.23 

100+ 

91.35 

85.38 

Malt  sprouts,  .  j 

Young  Sheep  II., . 

75.13 

2.87 

73.87 

100+ 

77.66 

74.42 

Young  Sheep  III., 

81.45 

21.18 

76.67 

98.26 

86.99 

100+ 

Average,  . 

81.87 

19.12 

75.92 

99.42 

85.30 

86.60 

Sucrene  dairv  ) 
feed.  j 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 

71.58 
67.38 

47.51 
27.92 

64.45 
57.12 

70.41 
73.46 

74.57 
70.50 

96.06 
92.75 

Average,  . 

69.48 

37.72 

60.79 

71.94 

72.54 

94.41 
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Summary  of  Coefficients  —  Concluded. 


Coefficients 
determined  on  — 

Sheep  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

r 

Young  Sheep  I.,  . 

70.16 

24.08 

61.22 

44.28 

80.61 

88.49 

Ilolstein  sugar  J 
feed.  i 

Young  Sheep  II., 

74.13 

31.74 

64.90 

62.30 

82.04 

88.61 

I 

Young  Sheep  III., 

69.63 

43.08 

70.83 

25.64 

78.85 

86.39 

Average,  . 

71.31 

32.97 

65.65 

44.07 

80.50 

87.83 

Macon  sugar  ( 
feed.  j 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 

69.03 
72.03 

20.52 
20.31 

60.50 
57.26 

36.40 
51.35 

80.83 
83.41 

74.07 
90.66 

Average,  . 

70.68 

20.42 

58.88 

43.88 

82.12 

82.37 

Hominy  feed,  .  J 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 

89.26 
85.90 

37.38 
60.37 

67.23 
71.85 

97.43 
62.49 

94.42 
90.79 

88.62 
87.70 

Average,  . 

87.58 

48.88 

69.54 

79.96 

92.61 

88.16 

f 

Young  Sheep  I.,  . 

75.14 

25.80 

86.04 

7.73 

83.56 

88.31 

Buckwheat  mid- 1 
dlings.  i 

Young  Sheep  II., 

78.72 

41.35 

83.03 

26.11 

87.00 

92.30 

I 

Young  Sheep  III., 

71.27 

39.52 

86.31 

79.24 

87.47 

Average,  . 

75.04 

35.56 

85.13 

16.92 

83.27 

89.36 

Oat  middlings,  \ 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 

91.27 
88.02 

31.28 
39.83 

81.18 
79.53 

76.54 
21.32 

96.58 
93.95 

92.81 
93.63 

Average,  . 

89.65 

35.56 

80.36 

48.93 

95.27 

93.22 

Eureka   silage  ( 
corn  stover.  ) 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 

53.53 
55.27 

46.13 
43.88 

49.67 
46.91 

56.18 
61.94 

52.86 
52.99 

66.18 
66.98 

Average,  . 

54.40 

45.01 

48.29 

59.06 

52.93 

66.58 

Pride  of  the  ( 
North  corn  < 
stover.  ( 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 

52.87 
55.06 

32.82 
29.36 

44.57 
45.12 

57.89 
62.60 

53.08 
54.68 

63.05 
65.75 

Average,  . 

53.97 

31.09 

44.85 

60.25 

53.88 

64.40 

English  hay,   .  J 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 

57.54 
58.41 

36.96 
44.07 

50.89 
56.33 

59.76 
58.36 

60.88 
61.94 

50.81 
44.70 

Average,  . 

57.98 

40.52 

53.61 

59.36 

61.44 

47.76 

r 

Young  Sheep  I.,  . 

55.98 

42.98 

48.09 

56.09 

59.91 

49.46 

English  hay,   .  1 

Young  Sheep  II., 

59.03 

43.77 

47.36 

61.21 

62.65 

52.80 

I 

Young  Sheep  III., 

56.21 

44.17 

46.65 

55.35 

60.78 

52.86 

Average,  . 

57.07 

43.64 

47.37 

57.55 

61.11 

51.71 

English  hay,   .  j 

Old  Sheep  II.,  . 

61.72 

47.36 

55.54 

64.52 

64.01 

50.45 

Old  Sheep  III.,  . 

59.74 

43.67 

51.87 

63.09 

62.18 

50.08 

Average,  . 

60.73 

45.52 

53.71 

63.81 

63.10 

50.27 
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EXPERIMENT  STATION. 


[Jan. 


Discussion  of  the  Results. 

The  most  important  results  obtained  from  the  experi- 
ments reported  in  the  previous  pages  are  discussed  under 
the  following  headings :  — 

Soy  Bean  Fodder  {Brook9 s  Medium  Green).  —  This  fod- 
der was  grown  upon  a  twentieth-acre  plat  which  had  pro- 
duced soy  beans  for  two  years  previously.  The  crop  was 
fertilized  in  the  same  way  as  that  used  in  a  digestion  trial 
the  previous  year,  and  yielded  at  the  rate  of  6  tons  to  the 
acre.  The  fodder  was  cut  from  time  to  time  as  needed  dur- 
ing the  first  fourteen  days  of  September,  the  period  proper 
lasting  from  the  8th  to  the  14th.  The  plants  were  fully 
podded  and  the  beans  quite  well  developed,  but  the  foliage 
was  still  green.  In  common  with  other  legumes  at  a  similar 
stage  of  growth,  the  soy  bean  fodder  showed  a  high  protein 
percentage,  and  moderate  percentages  of  fiber  and  extract 
matter. 


Summary  of  Digestion  Coefficients  {Per  Cent.). 


Number  of 
Different 
Lota. 

Single 

Trials. 

Dry  Matter. 

4 
< 

Protein. 

Fiber. 

Nitrogen- 
free  Ex- 
tract. 

Fat. 

Young  Sheep  I  

1 

68.77 

45.20 

81.30 

53.37 

78.47 

69.31 

Young  Sheep  II  

1 

64.09 

38.95 

79.61 

46.63 

73.91 

65.38 

Young  Sheep  III.,  . 

1 

61.61 

33.72 

79.88 

42.65 

71.44 

67.80 

Average  (1904),  .... 

1 

3 

64.82 

39.29 

80.26 

47.55 

74.61 

67.50 

Average  (1903)  

1 

3 

63.53 

21.05 

82.96 

38.90 

77.82 

65.42 

Average,  both  trials, 

2 

6 

64.17 

30.17 

81.61 

43.42 

76.22 

66.46 

Average,  all  trials  seeding,  . 

4 

12 

65.00 

28.00 

78.00 

45.00 

77.00 

55.00 

Clover  for  comparison,  . 

3 

7 

66.00 

70.00 

54.00 

72.00 

64.00 

Co  wpea  fodder  for  comparison, 

2 

4 

68.00 

23.00 

76.00 

60.00 

81.00 

59.00 

The  1904  trial  was  made  with  one  lot  of  sheep,  and  the 
1903  trial  with  another.  The  results  of  both  trials  agree 
as  closely  as  could  be  expected.  The  soy  bean  fodder  ap- 
pears to  be  slightly  less  digestible  than  that  of  other  legumes, 
due  in  all  probability  to  the  tough,  woody  stems  which  are 
characteristic  of  the  plant.  Note  the  low  digestibility  of 
the  fiber  and  the  high  digestibility  of  the  protein. 
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Blomo  Feed.  —  This  feed,  put  out  by  the  Blomo  Manu- 
facturing Company  of  New  York,  consisted  of  a  fibrous  ma- 
terial resembling  ground  corn  stalks  or  cut  hay,  together 
with  fresh  blood  and  molasses.  It  was  quite  dark  in  color, 
coarse  in  appearance  and  rather  sticky  to  the  touch.  Many 
samples  contained  an  excess  of  moisture,  which  caused  it  to 
spoil  during  the  warm  season.  The  sample  under  examina- 
tion contained,  in  dry  matter,  some  17  per  cent,  protein,  13 
per  cent,  fiber  and  only  a  trace  of  fat. 


Summary  of  Digestion  Coefficients  (Per  Cent.'). 


0 

a 

DO 

u 

u 

9 

3 

V 

s 

<o 

1 

p 

Diffc 
Lots 

Single 
Ti 

u 

A 

Ash. 

Proteii 

Fiber. 

Nitrof 
free 
tract 

Fat. 

Old  Sheep  II  

1 

1 

64.02 

31.20 

64.48 

50.81 

73.20 

13.79 

Old  Sheep  III.,  . 

1 

1 

69.46 

31.62 

60.98 

71.89 

78.70 

16.75 

1 

2 

66.74 

31.41 

62.73 

61.35 

75.95 

15.27 

Oats  for  comparison, 

3 

13 

71.00 

80.00 

30.00 

76.00 

83.00 

Rowen  for  comparison,  . 

4 

16 

64.00 

69.00 

66.00 

64.00 

47.00 

The  parallel  tests  do  not  agree  quite  as  closely  as  one 
could  wish,  the  cause  of  the  disagreement  being  due  pri- 
marily to  the  fact  that  Sheep  II.  was  not  able  to  digest  the 
fiber  as  fully  as  Sheep  III.  The  percentage  of  fat  is  so 
small  (less  than  1  per  cent.)  that  its  digestibility  is  of  minor 
consequence.  It  is  understood  that  the  Blomo  feed  was 
intended  to  be  used  chiefly  as  an  oat  substitute  for  horses. 
A  comparison  of  the  digestion  coefficients  of  the  two  feeds 
proves  the  Blomo  to  be  not  quite  as  fully  digested  as  the 
oats.  The  advantages,  therefore,  if  any,  of  the  Blomo  feed 
would  be  due  to  the  favorable  effect  of  the  molasses,  and  in 
its  furnishing  a  change  from  the  regular  corn  and  oat  diet. 
At  the  price  asked  Blomo  could  not  be  considered  an  eco- 
nomical feed  for  dairy  stock.  Its  digestion  coefficients  do 
not  vary  greatly  from  those  of  a  good  quality  of  rowen,  and 
it  is  doubtful  if  it  would  produce  any  more  favorable  results. 

Malt  Sprouts.  —  The  sprouts  were  of  good  color,  and 
contained  nearly  29  per  cent,  of  crude  protein,  33.47  per 
cent,  of  which  was  in  the  amido  form. 
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[Jan. 


Summary  of  Digestion  Coefficients  (Per  Ce?it.). 
Period  222, 


Number  of 
Different 
Lots. 

Single 

Trials. 

Dry  Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free  Ex- 
tract. 

Young  Sheep  L, 

1 

1 

89.03 

33.30 

77.23 

100+ 

91.35 

85.38 

Young  Sheep  II., 

1 

1 

75.131 

2.87 

73.87 

100.00 

77.56 

74.42 

Young  Sheep  III., 

1 

1 

81.45 

21.18 

76.67 

98.26 

86.99 

100.00 

Average, 

1 

3 

81.87 

19.12 

75.92 

99.42 

85.30 

86.60 

Average,  all  trials, 

Massachusetts. 
German  trials,*  . 

made  in 

2 
6 

4 

12 

81.00 
72.003 

19.00 

76.00 
80.00 

100.00 
55.00 

83.00 
73.00 

80.00 
71.00 

The  results  with  the  three  sheep  show  wide  variations, 
especially  in  case  of  the  total  dry  matter,  ash  and  extract 
matter,  and  it  is  evident  that  difficulty  was  experienced  in 
digesting  the  sprouts.  Similar  results  were  experienced  in  a 
previous  trial,4  two  sheep  digesting  but  60  per  cent,  of  the 
dry  matter  and  a  third  78  per  cent.  The  results  secured 
with  the  two  former  sheep  were  discarded.  The  high  fiber 
coefficients  in  the  present  experiment  indicate  that  the  addi- 
tion of  the  nitrogenous  sprouts  increased  the  digestibility  of 
the  hay  fiber. 

The  results  of  German  experiments  likewise  show  es- 
pecially wide  variations  in  the  digestibility  of  the  organic 
matter,  fiber  and  extract  matter.  The  latter  experiments  do 
not  show  as  high  an  average  digestibility  for  fiber  as  do  our 
own  trials.  It  seems  probable  that  these  differences  may 
be  due  largely  to  the  character  of  the  sprouts  employed. 
Bohmer  5  states  that  light-colored  sprouts  show  a  higher  de- 
gree of  digestibility  than  dark-brown  sprouts  derived  from 
slightly  scorched  malt.  Kellner  6  has  shown  that,  while  the 
organic  matter  of  the  sprouts  has  a  reasonably  high  digest- 
ibility because  of  the  presence  of  considerable  quantities  of 
amids,  cane  sugar  and  organic  acids,  a  definite  amount  does 

i  The  faeces  from  Sheep  II.  were  somewhat  soft  for  a  few  days  during  the  collection, 
which  was  an  evidence  of  indigestion. 
«  Kellner's  Die  Ernahrung  der  Landw.  Nutzthiere,  page  570. 

»  Organic  matter.  s  Kraftfuttermittel,  page  206. 

4  See  sixteenth  report  of  this  station,  page  77.  «  Loco  citato,  pages  160,  357. 
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not  have  as  great  a  feeding  effect  as  does  a  like  amount  con- 
tained in  the  cereals. 

Sucrene  Dairy  Feed.  —  This  is  one  of  the  so-called  sugar 
feeds,  consisting  of  wheat,  corn,  oats  and  barley  products  (or 
by-products),  light  oats,  cotton-seed  meal  or  other  protein 
concentrate,  and  one-fourth  to  one-third  molasses.  The  sam- 
ple tested  contained  (in  dry  matter)  18.48  per  cent,  protein 
and  14.11  per  cent,  fiber. 


Summary  of  Digestion  Coefficients  {Per  Cent.). 

Period  IX. 


•—  — 

■ 

u 

o  c 
E 

IB 
"S 

Pi  fi  t 
Lots 

to 
a 

s 

>> 

N 

roteh 

1 

itrof 
free 

tract 

1 

B 

QQ 

Q 

< 

S 

£ 

Old  Sheep  II  

1 

1 

71.58 

47.51 

64.45 

70.41 

74.57 

96.06 

Old  Sheep  III.  

1 

1 

67.38 

•27.92 

57.12 

73.46 

70.50 

92.75 

Average,  .... 

1 

2 

69.4i> 

37.72 

60.79 

71.94 

72.54 

94.41 

Wheat  bran  for  comparison,  . 

8 

18 

62.00 

77.00 

21.00 

69.00 

66.00 

Flour  middlings  for  compari- 

1 

2 

83.00 

85.00 

36.00 

88.00 

85.00 

son. 

Gluten  feed  for  comparison,  . 

5 

11 

85.00 

85.00 

76.00 

89.00 

83.00 

The  sugar  feed  may  be  said  to  be  but  moderately  digestible. 
In  total  dry  matter  it  is  rather  more  digestible  than  bran, 
but  the  protein  in  the  latter  has  noticeably  higher  digestion 
coefficients.  It  is  decidedly  less  digestible  than  either  flour 
middlings  or  gluten  feed,  and  either  of  the  two  latter  feeds 
would  furnish  digestible  matter  and  especially  digestible  pro- 
tein for  less  money  than  the  Sucrene  feed. 

Holstein  Sugar  Feed.  —  This  feed  appeared  to  be  a  mix- 
ture of  cereal  products  or  by-products,  molasses  and  some 
cotton-seed  meal.  It  contained  rather  less  water  than  the 
Sucrene,  but  was  coarser  and  rather  more  sticky  to  handle. 
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Summary  of  Digestion  Coefficients  (Per  Cent.). 

Period  X. 


Number  of 
Different 
Lots. 

Single 

Trials. 

Dry  Matter. 

4 
< 

A 

I 

Fiber. 

Nitrogen- 
free  Ex- 
tract. 

i 

Young  Sheep  I.,  ... 

1 

1 

70.16 

24.08 

61.22 

44.28 

80.61 

88.49 

Young  Sheep  II  

1 

1 

74.13 

31.74 

64.90 

62.30 

82.04 

88.61 

Young  Sheep  III.,  . 

1 

1 

69.63 

43.08 

70.83 

25.64 

78.85 

86.39 

1 

3 

71.31 

88.87 

65.65 

44.07 

80.50 

87.83 

The  dry  matter  of  the  Holstein  feed  was  about  as  digestible 
as  that  contained  in  the  Sucrene  feed.  Its  fiber  was  rather 
less  digestible  and  its  extract  matter  had  a  higher  digestibility 
than  that  contained  in  the  latter  feed. 

Macon  Sugar  Feed.  —  This  feed  was  furnished  by  Chapin 
&  Co.,  and  shipped  from  St.  Louis.  In  appearance  it  quite 
closely  resembled  the  Sucrene  feed.  The  sample  contained 
rather  less  protein  and  fiber  and  noticeably  more  extract  mat- 
ter than  the  Sucrene. 


Summary  of  Digestion  Coefficients  {Per  Cent.). 

Period  XI. 


umber  of 
Different 
Lota. 

ngle 
Trials. 

ry  Matter. 

rotein. 

iber. 

itrogen- I 
free  Ex- 1 
tract.  J 

i 

m 

CD 

H 

< 

fa 

Old  Sheep  II  

1 

1 

69.03 

20.52 

60.50 

36.40 

80.83 

74.07 

1 

1 

72.03 

20.31 

57.26 

51.35 

83.41 

90.66 

Average  

1 

2 

70.53 

20.42 

58.88 

43.88 

82.12 

82.37 

The  results  secured  with  the  Macon  feed  do  not  vary  ma- 
terially from  those  obtained  with  the  Sucrene  and  Holstein 
feeds.  The  fiber  in  the  Macon  is  rather  less  and  the  extract 
matter  more  digestible  than  that  contained  in  the  Sucrene. 
In  general  it  may  be  said  that  the  digestibility  of  the  three 
sugar  feeds  resembles  each  other  quite  closely.1 


i  The  economic  value  of  these  feeds  will  he  more  fully  discussed  in  a  future  bulletin 
on  the  value  of  molasses  and  molasses  feeds. 
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Eureka  Silage  Com  Stover.  —  This  was  derived  from 
Eureka  corn  1  grown  on  an  experiment  plat  of  the  station 
during  1904,  and  cured  in  the  stock  out  of  doors.  The  corn 
was  cut  September  15,  the  ears  at  the  time  being  only  par- 
tially developed  (kernels  forming).  The  digestion  experi- 
ment was  made  with  the  entire  plant,  minus  the  ears.  In 
spite  of  the  fact  that  the  corn  was  well  cured,  it  contained 
62.89  per  cent,  water. 

Pride  of  the  North  Com  Stover.  —  This  corn  was  grown 
the  same  season,  on  a  plat  near  by  the  Eureka,  and  received 
the  same  treatment.  It  was  fairly  well  eared.  The  digestion 
test  was  made  with  the  entire  plant,  minus  the  ears. 


Summary  of  Digestion  Coefficients  (Per  Cent.). 

Periods  V  and  VII. 


sr  of 
irent 

■ 

itter. 

®  w 

Numbe 
Diffe 
Lots 

Single 
Ti 

Dry  Ms 

Ash. 

Proteii 

Fiber. 

Nitroj 
free 
tract 

Fat. 

M 

a) 

Old  Sheep  II.,  . 

1 

1 

53.53 

46J3 

49.67 

56.18 

52.86 

66.18 

Eur. 

Old  Sheep  III., 

1 

1 

55.27 

43.88 

46.91 

61.94 

52.99 

66.98 

Average, 

1 

2 

54.40 

45.01 

48.29 

59.06 

52.93 

G6.58 

Pride  of 
theXorth. 

Old  Sheep  II.,  . 

1 

1 

52.87 

32.82 

44.57 

57.89 

53.08 

63.05 

Old  Sheep  III., 

1 

1 

55.06 

29.36 

45.12 

62.60 

54.68 

65.75 

Average, 

1 

2 

53.97 

31.09 

44.85 

G0.25 

53.88 

64.40 

Average,  all  trials,  for  corn 
stover. 

11 

31 

57.00 

41.00 

36.00 

64.00 

59.00 

70.00 

Both  varieties  of  corn  stover  were  equally  well  digested. 
The  digestion  coefficients  are  slightly  lower  than  the  average 
results  of  all  trials. 

English  Hay.  —  This  hay  consisted  largely  of  Kentucky 
blue  grass  (Poa  pratensis\  with  an  admixture  of  timothy, 
sweet  vernal  grass  and  red  clover.  It  was  cut  June  20,  when 
the  blue  grass  and  clover  were  in  blossom,  and  carefully  cured. 
The  hay  was  used  in  connection  with  the  several  experiments 
reported  in  this  series. 


1  See  eighteenth  report  of  this  station,  pages  86-93. 
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Summary  of  Coefficients  (Per  Cent.'). 


Periods. 

Number  of 
Different 
Lots. 

Biugle 

Trials. 

Dry  Matter. 

i 
< 

s 

1 

■J 
| 

Nitrogen- 
free  Ex- 
tract. 

i 

V...  | 

Paige  Sheep  IV., 
Paige  Sheep  V., 

1 
1 

57.64 
58.41 

36.96 
44.07 

50.89 
56.33 

59.76 
58.36 

60.88 
61.94 

50.81 
44.70 

Average, 

2 

57.98 

4o.  n 

53.61 

59.06 

61.44 

47.76 

«.( 

Old  Sheep  II.,  . 
Old  Sheep  III.,. 

\ 

1 
1 

61.72 
59.74 

47.36 
43.67 

55.54 
51.87 

64.52 
63.09 

64.01 
62.18 

60.45 

60.08 

Average, 

•2 

60.72 

45.50 

53.69 

63.79 

63.08 

:>0.-24 

Young  Sheep  I., 

1 

55.98 

42.98 

48.09 

56.09 

59.91 

49.46 

Young  Sheep  II., 

1 

59.03 

43.77 

47.36 

61.21 

62.65 

52.80 

I  11(1111,  >~ULip  J  1  I 

1 

56.21 

44.17 

46.65 

55.35 

60.78 

52.86 

Average, 

3 

57.07 

43.64 

47.37 

67.55 

61.11 

51.71 

Average,  all  sheep,  . 

7 

58.38 

43.28 

50.96 

59.76 

61.77 

50.16 

Average,  all  pre- 
vious trials. 

Average,  timothy 
hay. 

15 
24 

60 
58 

60.00 
55.00 

47.00 
39.00 

57.00 
48.00 

60.00 
60.00 

61.00 
62.00 

50.00 
60.00 

The  so-called  "  Old  Sheep "  gave  slightly  higher  coeffi- 
cients than  the  other  two  lots.  The  former  are  some  six  years 
and  the  latter  four  years  old.  This  difference  in  ability  to 
digest,  especially  between  the  old  and  young  sheep,  has  been 
noticed  repeatedly.  The  hay  gave  about  the  same  digestion 
coefficients  as  those  secured  with  similar  lots  in  previous 
trials.  Hay  of  this  character,  designated  "  cow  hay "  by 
farmers,  tests  higher  in  protein,  is  rather  more  digestible, 
and  probably  requires  less  energy  for  its  digestion  than  tim- 
othy hay. 

Hominy  Feed.  —  This  material  consisted  of  the  hull,  germ 
and  some  of  the  gluten  and  starch  of  the  Indian  corn.  The 
sample  appeared  to  be  of  good  average  quality. 
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Summary  of  Digestion  Coefficients  (Ter  Cent.). 

Period  XII. 


Number  of 
Different 
Lots. 

Single 

Trials. 

Dry  Matter. 

4 
-< 

5 

c 
c 
£ 

Fiber. 

Nitrogen- 
free  Ex- 
tract. 

i 

Paige  Sheep  IV., 

1 

1 

89.26 

37.38 

67.23 

97.43 

94.42 

88.62 

Paige  Sheep  V  

1 

1 

85.90 

60.37 

71.85 

62.49 

90.79 

87.70 

Average  

1 

o 

87.58 

48.^8 

69.54 

79.96 

92.61 

Average,  1903,1  .... 

1 

3 

80.75 

22.74 

67.48 

85.97 

91.61 

Average,  1904,1  .... 

1 

3 

79.42 

38.26 

58.07 

38.12 

87.66 

94.09 

Average,  all  trials,  . 

3 

8 

81.96 

35.10 

64.47 

79.% 

88.36 

91.68 

Corn  meal  for  comparison,  . 

89.00 

70.00 

94.00 

91.00 

i  Seventeenth  report  of  this  station,  page  75. 


The  results  of  the  two  trials  in  the  present  experiment 
agree  fairly  well  one  with  the  other,  and  the  average  of  the 
two  are  nearly  equal  to  the  coefficients  for  corn  meal.  The 
coefficients  secured  with  the  several  sheep  in  the  two  previous 
experiments  (1903  and  1904)  showed  marked  differences. 
While  these  variations  may  have  been  due  partially  to  the 
quality  of  the  two  different  lots  of  hominy  (which,  however, 
could  not  be  detected  by  chemical  analysis),  it  seems  probable 
that  the  chief  cause  for  the  lack  of  agreement  is  to  be  found 
in  the  sheep  themselves.  The  writer  has  frequently  noticed 
that  after  sheep  have  been  used  in  digestion  work  for  a  num- 
ber of  months  their  power  to  digest  becomes  temporarily 
weakened.  This  condition  is  more  noticeable  with  some  sheep 
than  with  others,  and  evidently  depends  largely  upon  individ- 
uality. The  digestion  coefficients  for  hominy  secured  with 
the  Old  Sheep  (1903)  were  obtained  in  one  of  a  series  of 
experiments  extending  from  the  autumn  of  1902  to  March 
1903.  The  hominy  meal  period  was  the  last  of  the  series, 
and  the  digestibility  of  the  dry  matter  varied  from  71  to  91 
per  cent.  The  coefficients  reported  with  the  Young  Sheep 
(1904)  (75  to  86  per  cent,  of  dry  matter  digestible)  were 
obtained  in  a  series  extending  from  the  autumn  of  1903  to 
the  spring  of  1904.  These  sheep  were  used  for  the  first  time 
in  this  series,  and  were  alternated  to  an  extent  with  the  Old 
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Sheep.  The  hominy  feed  was  used  in  the  last  of  four  experi- 
ments made  with  these  sheep  during  the  series.  While  the 
latter  results  agree  better  than  those  secured  with  the  Old 
Sheep,  they  were  not  as  satisfactory  as  could  be  desired. 

The  average  of  all  trials  show  the  dry  matter  to  be  82  per 
cent,  digestible.  It  is  believed,  however,  that  the  coefficients 
secured  with  the  Paige  Sheep  (fully  reported  in  the  present 
trial)  more  closely  represent  the  digestibility  of  the  best 
grades  of  hominy  feed.  Allowing  hominy  feed  to  contain 
91  per  cent,  and  corn  meal  86  per  cent,  of  dry  matter,  and 
applying  the  average  digestion  coefficients  secured  for  hominy 
and  corn  meal,  the  former  would  contain  1,492  pounds  and 
the  latter  1,541  pounds  digestible  dry  matter  in  one  ton. 
By  using  the  coefficients  secured  with  the  Paige  Sheep,  the 
hominy  is  shown  to  contain  1,565  pounds  of  digestible  dry 
matter  in  a  ton.  It  may  therefore  safely  be  assumed  that  a 
ton  of  standard  hominy  feed  has  fully  as  much  digestible 
matter  as  is  contained  in  a  like  quantity  of  an  average  quality 
of  corn  meal.  Hominy  contains  rather  more  protein  and 
noticeably  more  fat  than  clear  corn,  and  for  some  purposes 
may  be  considered  a  preferable  feed. 

Oat  Middlings,  occasionally  found  upon  the  market,  is 
presumably  the  fine  residue  from  the  oatmeal  factories.  It 
contains  but  a  few  per  cent,  of  fiber,  about  9  per  cent,  of 
water,  16  per  cent,  of  protein  and  6  per  cent,  of  fat. 


Summary  of  Digestion  Coefficients  {Per  Cent.). 


o 

(O 

Shkkp. 

1 

§ 

£ 

«£  « 
—  *j 

£  J; 

3 

6c 
a 

53 

Dry  Matte 

4 
< 

j 

1 

£ 

Nitroget 
free  Ej 
tract. 

i 

Paige  Sheep  I.,  . 

1 

1 

91.27 

31.28 

81.18 

76.54 

96.58 

92.81 

Paige  Sheep  II., 

1 

1 

88.02 

39.83 

79.53 

21.32 

93.95 

93.63 

Average, 

1 

2 

89.65 

35.56 

80.36 

48.93 

95.27 

93.22 

Average  fine  wheat 

mi  Idlings 

2 

4 

82.00 

88.00 

36.00 

88.00 

86.00 

for  comparison. 

The  oat  middlings  are  shown  to  be  quite  thoroughly 
digested,  especially  the  starchy  matter  and  fat;  the  protein 
had  also  a  relatively  high  digestibility.    The  small  amount  of 
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fiber  present  renders  its  degree  of  digestibility  comparatively 
unimportant.  Judged  from  composition  and  digestibility, 
this  oat  by-product  would  be  a  few  per  cent,  more  valuable 
than  average  wheat  flour  middlings  for  ordinary  feeding  pur- 
poses.   It  ought  to  make  a  valuable  feed  for  young  calves. 

Buckwheat  Middlings.  —  This  material  is  the  residue  from 
small  mills  which  prepare  buckwheat  flour  for  human  use. 
It  consisted  of  the  middlings  and  a  small  portion  of  the  bran. 
Genuine  buckwheat  middlings  should  contain  25  per  cent,  of 
protein,  7  per  cent,  of  fat  and  not  over  10  per  cent,  of  fiber. 
Samples  found  in  the  market  known  as  buckwheat  feed  fre- 
quently show  a  considerable  admixture  of  the  bran  and  ana- 
lyze as  high  as  25  per  cent,  of  fiber.  Buckwheat  bran  is  very 
indigestible,  and  consequently  such  material  is  quite  inferior 
in  feeding  value  to  the  straight  middlings. 


Summary  of  Digestion  Coefficients  (Per  Cent.). 

Period  XIII. 


Sheep. 

Number  < 
Differei 
Lots. 

Single 
Triali 

DryMattt 

4 
< 

Protein. 

.a 

5 

Nitrogei 
free  Ej 
tract. 

1 

Young  Sheep  I  

1 

1 

75.14 

25.80 

86.04 

7.74 

83.56 

8S.31 

Young  Sheep  II., 

1 

1 

78.72 

41.35 

83.03 

26.11 

87.00 

92.30 

Young  Sheep  III.,  . 

1 

1 

71.27 

39.52 

86.31 

79.24 

87.47 

Average  

1 

3 

75.04 

35.56 

85.13 

16.921 

83.27 

89.36 

Gluten  feed  for  comparison,  . 

13 

86.00 

85.00 

76.00 

S9.00 

83.00 

Sheep  III.  did  not  digest  the  middlings  quite  as  well  as 
the  other  two  sheep.  The  material,  as  is  shown  by  the  co- 
efficients obtained  for  the  dry  matter,  appeared  to  be  fairly 
well  digested,  although  not  as  fully  as  the  easily  digested 
gluten  feed.  The  protein  had  a  high  digestibility,  being 
equal  to  other  high-grade  protein  concentrates.  It  is  evident 
from  the  analysis,  from  the  digestion  coefficients  obtained  and 
from  the  retail  price  of  the  article  ($26  to  $2S  a  ton)  that 
genuine  buckwheat  middlings  is  an  economical  source  of  dry 
matter  and  digestible  protein.1 


i  Average,  two  trials. 

J  It  is  not  advisable  to  feed  over  3  pounds  of  this  material  daily  to  mature  dairy 
stock;  larger  quantities  are  likely  to  cause  illness. 
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Series  XI. 

This  series  was  begun  August  12,  1905,  with  Early  Amber 
Sorghum,  and  continued  until  April  7,  1906.  The  Paige 
Sheep  worked  especially  well  in  this  series,  and  were  used  in 
the  larger  number  of  the  experiments.  The  digestion  hay 
used  in  periods  III.  and  IV.  was  the  new  hay  described  in 
the  previous  series,  to  which  the  reader  is  referred  for  compo- 
sition and  digestion  coefficients.  The  composition  of  the  hay 
used  in  all  other  periods  is  given  in  the  table  of  analyses.  The 
coefficients  employed  were  the  following :  — 


Old  Sheep 
O.  and  III. 

Young  Sheep 
I.,  II.  and  III. 

Paige  Sheep 
IV.  and  V. 

67.87 

65.92 

65.48 

Ash  

49.17 

51.95 

44.60 

62.31 

61.98 

61.53 

76.30 

72.87 

73.81 

Nitrogen-free  extract,  .... 

66.39 

64.66 

64.46 

54.23 

50.20 

Composition  of  Feed  Stuffs  {Per  Cent.). 
[Dry  Matter.] 


Feeds. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

English  hay  (used  in  1904-05  experiments) ,  . 

8.20 

8.69 

32.14 

48.56 

2.41 

Early  Amber  Sorghum  fodder, 

6.06 

6.24 

29.28 

56.00 

2.42 

Pride  of  the  North  corn  fodder, 

5.56 

8.83 

23.11 

60.24 

2.26 

Porto  Rico  molasses,  

8.45 

3.94 

87.61 

English  hay  (new  lot,  1905-06), 

6.75 

12.23 

33.45 

44.67 

2.90 

Gluten  feed,  

1.67 

24.98 

7.22 

63.34 

2.79 

Porto  Rico  molasses,  

9.22 

3.94 

86.84 

Green  Diamond  sugar  feed,  .... 

9.88 

13.71 

15.27 

58.47 

2.67 

Sea  Island  cotton-seed  meal,  .... 

5.20 

27.31 

19.67 

41.47 

6.35 

Red  wheat  meal  

1.92 

9.96 

2.99 

82.83 

2.80 

Learning  corn  silage  

6.07 

10.19 

26.06 

54.89 

2.79 

White  winter  wheat  meal  

1.90 

13.07 

2.38 

80.49 

2.16 

Feed  barley  (ground)  

3.27 

14.60 

6.19 

73.90 

2.04 
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Composition  of  Fccces  (Per  Cent.) 
[Dry  Matter.] 
Young  Sheep  I. 


Feeds. 


Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

9.82 

13.27 

26.90 

46.01 

4.00 

9.91 

15.66 

24.82 

45.61 

4.00 

10.39 

14.70 

24.51 

46.02 

4.38 

English  hay  (1905-06), 
Bed  wheat  meal,  . 
White  winter  wheat, 


Young  Sh 

eep  27. 

IX., 
XV., 

English  hay  (1905-06) ,  . 
White  winter  wheat,  . 

9.68 
11.60 

14.55 
15.20 

25.28 
24.26 

46.62 
45.16 

3.87 
3.78 

Young  Sh( 

rp  III. 

English  hay  (1905-06), 
Red  wheat  meal,  . 
White  winter  wheat, 


9.07 
9.24 
9.15 


13.14 
15.08 
14.24 


27.65 
25.85 
26.30 


46.32 
46.02 
46.23 


Old  Sheep  II. 


EL, 

Pride  of  the  North  corn  fodder, 

11.86 

11.17 

27.55 

47.68 

1.74 

VI., 

English  hay  (1905-06), 

10.80 

14.70 

23.99 

46.27 

4.24 

XIII., 

13.70 

25.15 

47.75 

2.92 

Old  Sheep  III. 


II., 

Pride  of  the  North  corn  fodder, 

12.86 

11.18 

27.68 

46. 3o 

1.93 

VI., 

English  hay  (1905-06), 

10.57 

14.03 

25.31 

45.74 

4.35 

X., 

Green  Diamond  sugar  feed, 

14.70 

13.68 

24.47 

44.42 

2.73 

XIII., 

Learning  corn  silage,  .... 

10.39 

13.02 

25.14 

48.47 

2.98 

Paige  Sheep  IV. 

I.i 

Early  Amber  Sorghum, 

11.28 

11.13 

27.02 

47.44 

3.13 

III., 

Porto  Rico  molasses  

12.16 

10.72 

29.32 

44.87 

2.93 

IV., 

Porto  Rico  molasses,  .... 

13.66 

11.47 

27.13 

44.86 

2.88 

v., 

English  hay  (1905-06),. 

11.18 

14.10 

24.20 

46.24 

4.28 

VII., 

Gluten  feed  

10.55 

15.33 

22.35 

47.20 

4.57 

VIII., 

Gluten  feed  and  molasses,  . 

11.15 

16.36 

21.2(5 

47.44 

3.79 

XI., 

Sea  Island  cotton-seed  meal, 

8.67 

14.17 

32.75 

41.31 

3.10 

XIV., 

Green  Diamond  sugar  feed, 

13.02 

12.79 

25.41 

45.59 

3.19 

XVI., 

Feed  barley  

12.50 

13.86 

23.08 

46.46 

4.10 
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EXPERIMENT  STATION. 


[Jan. 


Composition  of  Fceces  —  Concluded. 
[Dry  Matter.] 
Paige  Sheep  V. 


Periods. 

Feeds. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

L, 

Early  Amber  Sorghum, 

11.06 

9.39 

31.21 

45.75 

2.59 

III., 

Porto  Rico  molasses,  .... 

11. S3 

10.53 

30.33 

44.47 

2.84 

IV., 

Porto  Rico  molasses,  .... 

12.87 

11.49 

28.95 

43.94 

2.75 

v., 

English  hay  (1905-06), 

10.49 

13.17 

26.51 

45.74 

4.09 

VII., 

Gluten  feed,  

10.63 

15.05 

22.84 

46.84 

4.64 

VIII., 

Gluten  feed  and  molasses, . 

10.82 

16.21 

22.09 

47.15 

3.73 

XI., 

Sea  Island  cotton-seed  meal,  . 

9.33 

15.20 

29.46 

42.86 

8.15 

XVI., 

Feed  barley,  

11.14 

13.86 

25.39 

45.75 

3.86 

Dry  Matter  Determinations  made  at  the  Time  of  weighing  out  the  Dif- 
ferent Foods,  and  Dry  Matter  in  Air-dry  Forces  {Per  Cent.) . 

Paige  Sheep  IV. 


Periods. 

English 
Hay. 

Early 
Amber 
Sorghum. 

Porto 
Rico 
Molasses. 

Gluten 
Feed. 

Sea  Island 

Cotton- 
seed Meal. 

Green 
Diamond 
Sugar  Feed. 

Feed 
Barley. 

Fteces. 

I., 

16.35 

87.84 

III., 

88.15 

71.49 

92.84 

IV., 

87.22 

72.12 

92.33 

v., 

88.65 

92.22 

VII., 

88.55 

90.03 

93.47 

VIII., 

88.92 

72.67 

92.02 

92.50 

XI., 

90.92 

90.97 

93.16 

XIV., 

90.17 

89.62 

94.42 

XVI., 

89.35 

89.07 

92.96 

Paige  Sheep  V. 


I., 

16.35 

87.69 

III., 

88.15 

71.49 

93.14 

iv., 

87.22 

72.12 

92.16 

v., 

88.65 

92.14 

VII., 

88.55 

90.03 

93.61 

VIII., 

88.92 

72.67 

92.02 

92.36 

XI., 

90.92 

90.97 

92.98 

XVI., 

89.35 

89.07 

92.80 
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Dry  Matter  Determinations,  etc.  —  Concluded.. 

Young  Sheep  I. 


Periods. 


English 
Hay. 


Pride  of  the 
North  Corn 
Fodder. 


Green 
Diamond 
Sugar  Feed 


Red  Learning 
Wheat  Corn 
Meal.  Silage. 


White 
Wheat 
Meal. 


Faeces. 


IX. 
XII. 
XV. 


90.35 
88.92 
89.60 


?7.43 


87.80 


94.99 
94. 2.  j 


You 

ng  Sheep  II 

IX.,  . 

XV  

90.3.1 
89.60 

87.80 

94.72 
92.91 

Young  Sheep  III. 

IX.,  . 

XII  

XV  

90.35 
88.92 
89.60 

87.43 

87.80 

94.86 
94.17 
93.09 

Old  Sheep  II. 

II.,     .      .  . 
XIII  

90.17 

22.61 

21.44 

89.28 
93.54 
94.13 

Old  Sheep  III. 


II.,  .    .  . 

22.61 

89.09 

93.52 

91.95 

94.09 

21.44 

94.19 

Average  Daily  Amount  of  Manure  excreted  and  Water  drank  {Grams), 

Paige  Sheep  IV. 


n 
•O 

Manure 

One-tenth 

Water 

.o 

Character  op  Food  or  Ration. 

excreted 

Manure 

drank 

Ph 

daily. 

Air  Dry. 

daily. 

Li 

500 

41.061 

49 

III., 

Hay  and  Porto  Rico  molasses, 

674 

31.10 

1,725 

IV., 

Hay  and  Porto  Rico  molasses, 

738 

33.34 

2,114 

v., 

610 

26.11 

1,781 

VII., 

460 

20.82 

1,498 

VIII., 

Hay,  gluten  feed  and  molasses,  . 

635 

25.S4 

1,843 

XI., 

Hay  and  Sea  Island  cotton-seed  meal, . 

607 

29.67 

2,095 

XIV., 

Hay  and  Green  Diamond  sugar  feed,  .  . 

598 

27.45 

2,241 

XVI., 

478 

20.32 

1,644 

i  One-fifth  of  daily  amount  excreted. 
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Average  Daily  Amount  of  Manure  excreted  and  Water  drank  (  Grams)  — 

Concluded. 

Paige  Sheep  V. 


is 

Manure 

One- tenth 

Water 

Character  op  Food  or  Ration. 

excreted 

Manure 

drank 

't- 

/? 
m 

daily. 

Air  Dry. 

daily. 

I., 

Early  Amber  Sorghum,  

591 

43.801 

55 

in., 

Hay  and  Porto  Rico  molasses, 

745 

32.86 

1,995 

IV., 

Hay  and  Porto  Rico  molasses, 

865 

34.12 

2,014 

v., 

English  hay  

623 

27.02 

1,642 

VII., 

Hay  and  gluten  feed,  

459 

20.01 

1,318 

VIII., 

Hay,  gluten  feed  and  molasses, 

655 

25.86 

1,953 

XI., 

Hay  and  Sea  Island  cotton-seed  meal, . 

673 

26.70 

2,138 

XIV., 

Hay  and  Green  Diamond  sugar  feed,  . 

-  - 

- 

XVI., 

Hay  and  feed  barley,  

705 

21.50 

1,644 

i  One-fifth  of  daily  amount  excreted. 

Young  Sheep  I. 

IX., 

635 

27.46 

2,170 

XII., 

Hay  and  red  wheat  meal,  . 

557 

20.98 

2,025 

XV., 

I  lay  and  white  winter  wheat, 

488 

21.86 

2,038 

Young  Sheep  II. 

IX., 

779 

26. 86 

2,341 

XII., 

Hay  and  red  wheat  meal,  .... 

XV., 

Hay  and  white  winter  wheat, 

1,077 

24.15 

2,338 

Young  Sheep  III. 

IX., 

695 

28.35 

2,495 

XII., 

Hay  and  red  wheat  meal,  .... 

617 

22.32 

2,352 

XV., 

Hay  and  white  winter  wheat, 

537 

22.99 

2,495 

Old  Sheep  II. 

II., 

Pride  of  the  North  corn  fodder,  . 

624 

25.62 

80 

VI., 

613 

26.21 

1,694 

x., 

Hay  and  Green  Diamond  sugar  feed,  . 

XIII., 

Hay  and  Learning  corn  silage, 

747 

24.04 

1,974 

Old  Sheep  III. 

II., 

Pride  of  the  North  corn  fodder,  . 

820 

28.12 

60 

VI., 

English  hay  (1905-06)  

608 

28.80 

1,544 

X., 

Hay  and  Green  Diamond  sugar  feed,  . 

676 

27.08 

2,329 

xm., 

Hay  and  Learning  corn  silage, 

537 

22.42 

1,309 
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Weights  of  Animals  at  Beginning  and  End  of  Period  {Pounds). 

Paige  Sheep  IV. 


to 
•O 

Perio 

Character  of  Food  or  Ration. 

Beginning. 

End. 

L, 

147 .00 

14<i.50 

III., 

Hay  and  Porto  Rico  molasses  

144.00 

142.00 

IV., 

Hay  and  Porto  Rico  molasses  

145.50 

150.00 

v., 

142.00 

144.00 

VIL, 

141.50 

141.00 

VIII., 

Hay,  gluten  feed  and  molasses  

145.00 

142.00 

XI., 

Hay  and  Sea  Island  cotton-seed  meal, 

144.00 

145.00 

XIV., 

Hay  and  Green  Diamond  sugar  feed,  . 

145.50 

148.50 

XVI., 

148.00 

143.50 

Paige  Sheep  V. 

u 

124.25 

126.00 

III., 

Hay  and  Porto  Rico  molasses,  .... 

124.00 

122.00 

IV., 

Hay  and  Porto  Rico  molasses,  .... 

122.50 

125.50 

v., 

122.00 

121.50 

VII., 

118.50 

120.00 

VIII., 

Hay,  gluten  feed  and  molasses,  .... 

125.50 

122.50 

XI., 

Hay  and  Sea  Island  cotton-seed  meal, 

124.50 

123.50 

XIV., 

Hay  and  Green  Diamond  sugar  feed, 

XVI., 

124.50 

117.00 

Young  Sheep  I. 

IX., 

121.00 

119.00 

XII., 

118.00 

117.00 

XV., 

Hay  and  white  winter  wheat,  .... 

119.50 

118.00 

Young  Sheep  II. 

IX., 

111.00 

113.00 

XII., 

XV., 

Hay  and  white  winter  wheat  

Young  Sheep  III. 

IX., 

113.00 

110.00 

XII., 

109.00 

109.00 

XV., 

U0.00 

108.50 
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EXPERIMENT  STATION. 


[Jan. 


Weights  of  Animals  at  Beginning  and  End  of  Period  (Pounds}  — 

Concluded. 

Old  Sheep  ZL 


Periods.' 

Chabactkb  of  Food  ob  Ration. 

Beginning. 

End. 

EL, 

Pride  of  the  North  corn  fodder  

160.00 

154.00 

VI., 

150.00 

X., 

Hay  and  Green  Diamond  sugar  feed,  . 

XIII., 

Hay  and  Learning  corn  silage  

154.50 

155.00 

Old  Sheep  III. 

II., 

151.50 

150.00 

VI., 

146.50 

145.00 

x., 

Hay  and  Green  Diamond  sugar  feed,  . 

145.00 

147.50 

XIII., 

Hay  and  Learning  corn  silage  

152.00 

152.00 

Early  Amber  Sorghum.  —  Period  I. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

3,600  grams  Sorghum  fodder  fed, 
205.30  grams  manure  excreted,  . 

Grams  digested,  

Per  cent,  digested,  

588.60 
180.34 

35.67 
20.34 

36.73 
20.07 

172.34 
48.73 

329.62 
85.55 

14.24 
5.64 

408.26 
69.36 

15.33 
42.98 

16.66 
45.36 

123.61 
71.72 

244.07 
74.04 

8.60 
60.39 

Paige  Sheep  V. 

3,600  grams  Sorghum  fodder  fed, 
219  grams  manure  excreted,  . 

Grams  digested,  

Per  cent,  digested  

Average  per  cent,  fcf  both  sheep, 

588.60 
192.04 

35.67 
21.24 

36.73 
18.03 

172.34 
59.94 

329.62 
87.86 

14.24 
4.97 

396.56 
67.37 
68.37 

14.43 
40.45 
41.72 

18.70 
50.91 
48.14 

112.40 
65.22 
68.47 

241.76 
73.35 
73.70 

9.27 
65.10 
62.75 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 21.5. 
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Pride  of  the  North  Corn  Fodder.  —  Period  II. 

Old  Sheep  II. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

3,(!00  grams  Pride  of  the  North  corn 

fodder  fed. 
256.23  grams  manure  excreted,  . 

Grams  digested,  

Per  cent,  digested,  

813.96 
228.76 

45.26 
27.13 

71.87 
25.55 

188.11 
63.02 

490. 33 
109.07 

18.40 
3.98 

585.20 
71.89 

18.13 
40.06 

46.32 
64.45 

125.09 
66.50 

381.20 
77.76 

14.42 
78.37 

Old  Sheep  III. 

3,600  grams  Pride  of  the  North  corn 

fodder  fed. 
281.19  grams  manure  excreted,  . 

Grams  digested  

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

813.96 
250.51 

45.26 
32.22 

71.87 
28.01 

188.11 
69.34 

490.33 
116.11 

18.40 
4.83 

563.45 
69.22 
70.56 

13.04 
28.81 
34.43 

43.86 
61.03 
62.74 

118.77 
63.14 
64.82 

374.22 
76.32 
77.04 

13.57 
73.75 
76.06 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 11.8. 


Porto  Rico  Molasses.  — Period  III. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,  . 

150  grams  molasses  fed,  .... 

Amount  consumed,  

311  grams  manure  excreted,  . 

Grams  digested  

Minus  hay  digested,  .... 

Molasses  digested,  

Per  cent,  digested,  ..... 

705.20 
107.24 

57.83 
9.06 

61.28 
4.23 

226.65 

342.45 
93.95 

17.00 

812.44 
288.73 

66.89 
35.11 

65.51 
30.95 

226.65 
84.66 

436.40 
129.55 

17.00 
8.46 
8.54 
8.12 

523.71 
408.87 

31.78 
23.43 

34.56 
32.85 

141.89 

133.86 

306.85 
210.30 

114.84 
107.09 

8.35 
92.16 

1.71 
40.43 

8.03 

96.55 
102.76 

.42 

Paige  Sheep  V. 

Amount  consumed  as  above, 
328.60  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 

Molasses  digested,  

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

812.44 
306.06 

66.89 
36.21 

65.51 
32.23 

226.65 
92.83 

436.40 
136.10 

17.00 
8.69 

506.38 
408.87 

30.68 
23.43 

33.28 
32.85 

133.82 
133.86 

300.30 
210.30 

S.31 
8.12 

97.51 
90.93 
99.01 

7.25 
80.02 
86.09 

.43 
10.17 
25.30 

90.00 
95.  SO 
99.28 

.19 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 13. G. 
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EXPERIMENT  STATION. 


[Jan. 


Porto  Rico  Molasses.  —  Period  IV. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein.  Fiber. 

1 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,  . 

250  grams  molasses  fed, .... 

Amount  consumed,  

333.40  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 

Molasses  digested  

Per  cent,  digested,  

697.76 
180.30 

57.22 
15.24 

60.64 
7.10 

224.26 

MMI 
157.96 

16.82 

878.06 
307.83 

72.46 
42.05 

67.74 
35.31 

224.26 
83.51 

496.78 
138.09 

16.82 
8.87 

570.23 
404.56 

30.41 
23.19 

32.43 
32.51 

140.75 
132.44 

358.69 
208.07 

7.95 
8.03 

165.67 
91.89 

7.22 
47.38 

—.08 

8.31 

150.62 
95.35 

Paige  Sheep  V. 

Amount  consumed  as  above, 
341 .2  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested  

Molasses  digested  

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

878.06 
314.45 

72.46 
40.47 

67.74 
36.13 

224.26 
91.03 

496.78 
138.17 

16.82 
8.65 

563.61 
404.56 

31.99 
23.19 

31.61 
32.51 

133.23 
132.44 

358.61 
208.07 

8.17 
8.03 

159.05 
88.21 
90.05 

8.80 
57.74 
52.56 

.10 

.79 

150.54 
95.30 
95.33 

.14 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 16. 


English  Hay.  —  Period  V. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,  . 
261.10  grams  manure  excreted, 

Grams  digested  

Per  cent,  digested,  

709.20 
240.79 

47.87 
26.92 

86.74 
33.95 

237.23 
58.27 

316.80 
111.34 

20.57 
10.31 

468.41 
66.05 

20.95 
43.76 

52.79 
60.86 

178.96 
75.44 

205.46 
64.85 

10.26 
49.88 

Paige  Sheep  V. 

800  grams  English  hay  fed,  . 
270.20  grams  manure  excreted,  . 

Grams  digested  

Per  cent,  digested,  

Average  per  cent  for  both  sheep, 

709.20 
248.96 

47.87 
26.12 

86.74 
32.79 

237.23 
66.00 

316.80 
113.87 

20.57 
10.18 

460.24 
64.90 
65.48 

21.75 
45.44 
44.60 

53.95 
62.20 
61.53 

171.23 
72.18 
73.81 

202.93 
64.06 
64.46 

10.39 
50.51 
50.20 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  7.5. 
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English  Hay.  —  Period  VI. 

Old  Sheep  II. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

900  grams  English  hay  fed,  . 
262.10  grams  manure  excreted,  . 

Grams  digested  

Per  cent,  digested  

800.73 
246.17 

54.05 
26.48 

97.93 
36.04 

267.84 
58.82 

357.69 
113.44 

23.22 
10.40 

555.56 
69.38 

27.57 
51.01 

61.89 
63.20 

209.02 
78.04 

244.25 
68.29 

12.82 
55.21 

Old  Sheep  III. 

900  grams  English  hay  fed,  . 
2S8  grams  manure  excreted,  . 

Grams  digested,  

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

800.73 
269.34 

54.05 
28.47 

97.93 
37.79 

267. S4 
68.17 

357.69 
123.20 

23.22 
11.72 

531.39 
66.36 
67.87 

25.58 
47.33 
49.17 

60.14 
61.41 
62.31 

199.67 
74.55 
76.30 

234.49 
65.56 
66.39 

11.50 
49.53 
52.37 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  7.7. 


Gluten  Feed.  —  Period  VII. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,  . 
200  grams  gluten  feed  fed, 
Amount  consumed,  .... 
208.20  grams  manure  excreted,  . 

Grams  digested  

Minus  hay  digested,  .... 
Gluten  feed  digested,  .... 
Per  cent,  digested,  

531.30 
180.06 

35.86 
3.01 

64.98 
44.98 

177.72 
13.00 

237.33 
114.05 

15.41 
5.02 

711.36 
194.60 

38.87 
20.53 

109.96 

29.83 

190.72 
43.49 

351.38 
91.85 

20.43 
8.89 

516.76 
347.90 

18.34 
15.99 

80.13 
39.98 

147.23 
131.18 

259.53 
152.98 

11.54 
7.74 

168.86 
93.78 

2.35 
78.07 

40.15 
89.26 

16.05 
123.46 

106.55 
93.42 

3.80 
75.70 

Paige  Sheep  V. 

Amount  consumed  as  above, 
200.10  grams  manure  excreted,  . 

Grams  digested  

Minus  hay  digested  

Gluten  feed  digested,  .... 

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

711.36 
187.31 

38.87 
19.91 

109.96 
28.19 

190.72 
42.78 

351.38 
87.74 

20.43 
8.69 

524.05 
347.90 

18.96 
15.99 

81.77 
39.98 

147.94 
131.18 

263.64 
152.98 

11.74 
7.74 
4.00 
79.68 
77.69 

176.15 
97.83 
95.81 

2.97 
98.67 
88.37 

41.79 
92.91 
91.09 

16.76 
12S.92 
126.19 

110.66 
97.03 
95.23 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  5.4. 


136  EXPERIMENT  STATION.  [Jan. 


Porto  Rico  Molasses.  — Period  VIII. 
Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,  . 
200  grams  gluten  feed  fed,  . 
250  grams  molasses  fed,  . 

Amount  consumed,  

258.40  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  and  gluten  feed  digested,  . 

Molasses  digested,  

Per  cent,  digested  

533.52 
184.04 
181.68 

36.01 
3.07 
16.75 

65.25 
45.97 
7.16 

178.46 
13.29 

238.32 
116.57 
157.77 

15.47 
5.13 

899.24 
239.02 

55.83 
26.65 

118.38 
39.10 

191.75 

50.82 

512.66 
113.39 

20.60 
9.06 

660.22 
521.24 

29.18 
18.44 

79.28 
81.05 

140.93 

;;•.«•. '.-.'7 

262.12 

11.54 

138.98 
76.50 

10.74 
64.12 

137.15 
86.93 

Paige  Sheep  V. 

Amount  consumed  as  above, 
258.60  grams  manure  excreted,  . 

Grams  digested  

Minus  hay  and  gluten  feed  digested,  . 
Molasses  digested,  

Average  per  cent,  for  both  sheep, 

899.24 
238.84 

55.83 
25.84 

118.38 
38.72 

191.75 
52.76 

512.66 
112.61 

20.60 
8.91 

660.40 
528.63 

29.99 
19.06 

79.66 
82.70 

138.99 

400.05 
266.27 

11.69 

131.77 
74.52 

10.93 
65.25 
64.69 

133.78 
84.80 
85.87 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  7.1. 


English  Hay.  —  Period  IX. 

Young  Sheep  I. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

850  grams  English  hay  fed,  . 
274.60  grams  manure  excreted,  . 

Grams  digested,  

Per  cent,  digested,  . 

767.98 
260.84 

51.84 
25.61 

93.92 
34.61 

256.89 
70.17 

342.96 
120.01 

22.27 
10.43 

507.14 
66.04 

26.23 
50.60 

59.31 
63.15 

186.72 
72.68 

222.95 
65.01 

11.84 
53.17 

Foun^  Sheep  II. 

269.60  grams  manure  excreted,  . 

Grams  digested  

Per  cent,  digested,  

255.37 

51.84 
84.72 

93.92 
37.16 

256.89 
64.56 

342.96 
119.05 

22.27 
9.88 

512.61 
66.75 

27.12 
52.31 

56.76 
60.43 

192.33 
74.87 

223.91 
65.29 

12.39 
55.64 
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English  Hay  —  Concluded. 

Young  Sheep  HL 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Xitrogeu- 

free 
Extract. 

Fat. 

850  grams  English  hay  fed,  . 
283.50  grams  manure  excreted,  . 

Grams  digested  

Per  cent,  digested,  

Average  per  cent,  for  three  sheep, 

767.98 
268.93 

51.84 
24.39 

93.92 
35.34 

256.89 
74.36 

342.96 
124.57 

22.27 
10.27 

499.05 
64.98 
65.92 

27.45 

52.95 
51.95 

58.58 
62.37 
61.98 

182.53 
71.05 
72.87 

218.39 
63.68 
64.66 

12. 00 
53. » 
54.23 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 :  7.5. 

Green  Diamond  Sugar  Feed.  —  Periods  X.  and  XIV. 

Old  Sheep  III. 

Dry 
Matter. 

Ash. 

Protein. 

Nitrogen- 
Fiber,  free 
Extract. 

Fat. 

40Cyrrams  Green  Diamond  sugar  feed 
500  grams  English  hay  fed,  . 

Amount  consumed,  

270.80  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested  

Sugar  feed  digested  

Per  cent,  digested,  

367.80 
444.75 

36.34 
30.02 

50.43 
54.39 

56.16 
148.77 

215.05 
198.67 

9.82 
12.90 

812.55 
254.80 

66.36 
37.46 

104. 82 
34.86 

204.93 
62.35 

413.72 
113.18 

22.72 
6.96 

557.75 
301.85 

28.90 
14.76 

69.96 
33.89 

142.  i 58 
113.51 

300.54 
131.90 

15.76 
6.76 

255.90 
69.58 

14.14 

38.91 

36.07 
71.52 

29.07 
51.76 

168.64 
78.42 

9.00 
91.65 

Paige  Sheep  IV. 

300  grams  Green  Diamond  sugar  feed, 
500  grams  English  hay  fed,  . 

Amount  consumed,  

•274.5  grams  manure  excreted, 

Grams  digested,  

Minus  hay  digested  

Sugar  feed  digested,  .... 

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

268.86 
450.85 

26.56 
30.43 

36.  S6 
55.14 

41.05 
150.81 

157.20 
201 .39 

7.18 
13.07 

719.71 
259.18 

56.99 
33.75 

92.00 
33.15 

191.86 
65.86 

358.59 
118.16 

20.25 
8.27 

460.53 
295.21 

23.24 
13.57 

58.85 
33.93 

126.00 
111.31 

240.43 
129.82 

11.98 
6.56 

165.32 
61.49 
65.54 

9.67 
36.41 
37.66 

24.92 
67.61 
69.57 

14.69 
35.79 
43.78 

110.61 
70.36 
74.39 

5.42 
75.49 
83.57 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  6.8. 
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EXPERIMENT  STATION. 


[Jan. 


Sea  Island  Cottonseed  Meal.  — Period  XI. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

200  grams  Sea  Island  cotton-seed  meal 
fed. 

650  grams  English  hay  fed,  . 

Amount  consumed,  

296.70  grams  manure  excreted. 

Grams  digested,  

Minus  hay  digested,  .... 

Cotton-seed  meal  digested,  . 

Per  cent,  digested  

181.94 
590.98 

9.46 
39.89 

49.69 
72.28 

35.79 
197.68 

75.45 
263.99 

11.55 

1 1  .14 

772.92 
276.41 

49.35 
23.96 

121.97 
39.17 

233.47 
90.52 

339.44 
114.18 

28.69 
8.57 

496.51 

386.97 

25.39 
17.79 

82.80 
44.47 

142.95 
145.91 

225.26 
170.17 

20.12 
8.60 

109.54 
60.21 

7.60 
80.34 

38.33 
77.14 

55.09 
73.02 

11.52 
99.74 

Paige  Sheep  V. 

Amount  consumed  as  above, 
267  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested  

Cotton-seed  meal  digested,  . 

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

772.92 
248.23 

49.35 
23.16 

121.97 
37.73 

233.47 
73.13 

339.44 
106.39 

28.69 
7.82 

524.69 
386.97 

26.19 
17.79 

84.24 
44.47 

160.34 
145.91 

233.05 
170.17 

20.87 
8.60 

137.72 
75.69 
67.95 

8.40 
88.79 
84.56 

39.77 
80.04 
78.39 

14.43 
40.32 
40.32 

62.88 
83.34 
78.18 

12.27 
100+ 
100 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 5.1. 


Bed  Wheat  Meal.  — Period  XII. 

Young  Sheep  I. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  English  hay  fed,  . 
300  grams  red  wheat  meal  fed, 

Amount  consumed,  

209.80  grams  manure  excreted,  . 

Grams  digested  

Minus  hay  digested  

Red  wheat  meal  digested, 

Per  cent,  digested,  

489.06 
262.29 

33.01 
5.04 

59.81 
26.12 

163.59 
7.84 

218.46 
215.94 

14.18 
7.34 

751.35 
197.74 

38.05 
19.60 

85.93 
30.97 

171.43 
49.06 

434.40 
90.19 

21.52 
7.91 

553.61 
322.39 

18.45 
17.15 

54.96 
37.07 

122.35 
119.21 

344.21 
141.26 

13.61 
7.69 

231.22 
88.15 

1.30 
25.79 

17.89 
68.49 

3.14 
40.05 

202.95 
93.98 

5.92 
80.65 
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Red  Wheat  Meal  —  Concluded. 

Young  Sheep  III. 


Drv 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above, 

751.35 

38.05 

85.93 

171.43 

434.40 

21.52 

223.20  grams  manure  excreted,  . 

210.19 

19.42 

31.70 

54.33 

96.73 

8.01 

Grams  digested,  

541.16 

18. 63 

54.23 

117.10 

337.67 

13.51 

Minus  hay  digested,  .... 

322.39 

17.15 

37.07 

119.21 

141.26 

7.69 

Red  wheat  meal  digested, 

218.77 

1.48 

17.16 

196.41 

5.82 

Per  cent,  digested,  

83.41 

29.37 

65.70 

90.96 

79.29 

Average  per  cent,  for  both  sheep, 

85.78 

27.58 

67.10 

92.47 

79.97 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  9. 


Learning  Corn  Silage.  —  Period  XIII. 
Old  Sheep  II. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

400  grams  English  hay  fed,  . 
1,600  grams  corn  silage  fed,  . 

Amount  consumed  

240.40  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 

Corn  silage  digested  

Per  cent,  digested,  

360.68 
343.04 

24.35 
20.82 

44.11 

34.96 

120.65 
89.40 

161.12 
188.29 

10.46 
9.57 

703.72 
226.26 

45.17 
23.71 

79.07 
31.00 

210.05 
56.90 

394.41 
108.04 

20.03 
6.61 

477.46 
244.79 

21.46 
11.97 

48.07 
27.48 

153.15 
92.06 

241.37 
106.97 

13.42 
5.48 

232.67 
67.82 

9.49 
45.58 

20.59 
58.89 

61.09 
68.33 

134.40 
71.38 

7.94 
82.97 

Old  Sheep  III. 

Amount  consumed  as  above, 
224.20  grams  manure  excreted, 

Grams  digested  

Minus  hay  digested,  .... 

Corn  silage  digested  

Per  cent,  digested,  

Average  per  cent,  for  both  sheep, 

703.72 
211.17 

45.17 
21.94 

79.07 
27.49 

210.05 
53.09 

349.41 
102.35 

20.03 
6.29 

492.55 
244.79 

23.23 
11.97 

51.58 
27.48 

157.96 
92.06 

247.06 
106.97 

13.74 
5.48 

247.76 
72.22 
70.02 

11.26 
54.08 
49.83 

24.10 
68.93 
63.91 

65.90 
73.71 
71.02 

140.09 
74.40 
72.89 

8.26 
86.31 
84.64 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  8.6. 
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EXPERIMENT  STATION. 


[Jan. 


While  Winter  Wheal  Meal.  —  Period  XV. 
Young  Sheep  I. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,  . 

Amount  consumed,  

218.60  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 
Wheat  meal  digested,  .... 
Per  cent  digested,  

537.60 
219.50 

36.29 
4.17 

65.75 
■ .  ■ 

179.83 
5.22 

240.15 

MM 

15.59 
4.74 

757.10 
203.89 

4-. 4-; 
21.18 

94.44 

29.97 

IBMi 
49.97 

416.83 
93.83 

mM 

8.93 

553.21 
354.39 

19.28 
18.85 

64.47 
40.75 

135.08 
131.04 

323.00 
155.28 

11.40 
8.45 

198.82 
90.58 

.43 
10.31 

23.72 
82.68 

4.04 

77.39 

167.72 
94.93 

2.95 
62.24 

Young  Sheep  III. 

Amount  consumed  as  above, 
229.90  grams  manure  excreted,  . 

Grams  digested,  

Minus  bay  digested,  .... 
Wheat  meal  digested,  .... 

Per  cent,  digested  

Average  per  cent,  for  both  sheep, 

757.10 
214.01 

40.46 

19.58 

94.44 

30.48 

185.05 
56.28 

416.83 
98.94 

20.33 
8.73 

543.09 
354.39 

18.85 

63.96 
40.75 

12-. 77 
131.04 

317.89 

■mi 

11.60 
8.45 

188.70 
85.97 
88.28 

2.03 
48.68 
29.50 

23.21 
80.90 
81.79 

162.61 
92.04 
93.49 

3.15 
66.46 
64.35 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  7.4. 


Feed  Barley  Meal.  — Period  XVI. 

Paige  Sheep  IV. 


Dry 
Matter. 

Aah. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  EngUsh  hay  fed,  . 
250  grams  feed  barley  fed, 
Amount  consumed, .      .  *  . 
203.20  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 
Feed  barley  digested,  .... 
Per  cent,  digested,  

491.43 
222.  G8 

33.17 
7.28 

60.10 
32.51 

164.38 
13.78 

219.52 
164.56 

14.25 
4.54 

714.11 

188.89 

40.45 
23.61 

92.61 
26.18 

178.16 
43.60 

384.08 
87.76 

18.79 
7.74 

525.22 
321.79 

16.84 
14.79 

66.43 
36.98 

134.56 
121.83 

2i«-..:j2 
141.50 

11. U3 

7.15 

203.43 
91.36 

2.05 
28.16 

29.45 
90.06 

13.23 
96.01 

-  154.82 
94.08 

3.90 
85.90 
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Feed  Barley  Meal  —  Concluded. 

Paitje  Sheep  V. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  us  above,  . 
215  grams  manure  excreted,  . 

Grams  digested,  

Minus  hay  digested,  .... 

Feed  barley  digested  

Per  cent,  digested  

Average  per  cent,  for  both  sheep, 

714.11 

199.52 

40.45 

22.23 

92.61 
27.65 

178. 1G 
50.66 

384.08 
'  91.28 

1^.79 
7.70 

.->14..-)'J 
3-21.79 

18.23 
14.79 

64.96 
36.98 

127.50 
121.33 

292. 
141.50 

11.00 
7.15 

192.80 
86.58 
88.97 

3.43 
47.12 
37.64 

27.97 
86.10 
88.08 

6.17 
44.78 
70.40 

151. 30 
91.94 
93.01 

3.94 
86.78 
86.34 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  6.8. 


Summary  of  Coefficients. 


Food. 

1 

Sheep  and  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Early  Amber  ( 
Sorghum.  ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

69.36 
67.37 

42.98 
40.45 

45.36 
50.91 

71.72 
65.22 

74.04 
73.35 

60.39 
65.10 

68.37 

41.72 

48.14 

68.41 

73.70 

62.16 

Pride   of  the  ( 
North  corn  I 
fodder.  ( 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 
Average,  . 

71.89 
69.22 

40.06 
28.81 

64.45 
61.03 
62.74 

66.50 
63.14 

77.76 
76.32 

78.37 
73.75 

70.56 

34.43 

64.82 

77.04 

76.06 

Porto  Rico  mo-  > 
lasses.  ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

107.09 
90.93 

92.16 
80.02 

40.43 
10.17 

102.76 
95.80 

99.01 

86.09 

25.80 

99.28 

Porto  Rico  mo-  ( 
lasses.  ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

91.89 
88.21 

47.38 
57.74 

95.35 
95.30 

90.05 

52.56 

95.33  | 

English  hay,    .  j 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

66.05 
64.90 

43.76 
45.44 

60.86 
62.20 

75.44 
72.18 

64.85 
64.06 

49.88 
50.51 

(55. 4S 

44.60 

61.53 

73.81 

64.46 

50.20 

English  hay,    .  j 

Old  Sheep  II.,  . 
Old  Sheep  III.,  . 
Average,  . 

69.38 
66.36 

51.01 
47.33 

63.20 
61.41 

78.04 
74.55 

68.29 
65.56 

55.21 
49.53 

67.87 

49.17 

62.31 

76.30 

66.39 

52.37 
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Summary  of  Coefficients  —  Concluded. 


Food. 

Sheep  and  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Gluten  feed,    .  j 

Paige  Sheep  IV., 
Paige  Sheep  V., . 
Average,  . 

98.78 
97.83 

78.07 
98.67 

89.26 
92.91 

123.46 

128.92 

93.42 
97.03 

75.70 
79.68 
77.69 

95.81 

88.37 

91.09 

126.19 

95.23 

Porto  Rico  mo-  \ 
lasses.  | 

Paige  Sheep  IV., 
Paige  Sheep  V., . 
Average,  . 

76.50  64.12 
72.53  J  65.25 

86.93 
84.80 

74.52  ,  64.69 

. 

English  hay,   .  j 

Young  Sheep  L, . 
Young  Sheep  II., 
Young  Sheep  III., 
Average,  . 

66.04 
66.75 
64.98 

50.60 
52.31 
52.95 

63.15 
60.43 
62.37 

72.68 
74.87 
71.05 

65.01 
65.29 
63.68 

53.17 
55.64 
53.88 

65.92 

51.95 

61.98 

72.87 

64.66 

54.23 

Green  Diamond  ( 
sugar  feed.  I 

Old  Sheep  III.,  . 
Paige  Sheep  IV., 
Average,  . 

69.58 
61.49 

38.91 
36.41 

71.52 
67.61 

51.76 
35.79 

78.42 
70.36 

91.65 
75.49 

65.54 

37.66 

69.57 

43.78 

74.39 

83.57 

Sea  Island  cot-  ( 
ton -seed  meal. ) 

Paige  Sheep  IV., 
Paige  Sheep  V., . 
Average,  . 

60.21 
75.69 

80.34 
88.79 

77.14 
80.04 

40.32 

73.02 
83.34 

99.74 
100+ 

67.95 

84.56 

78.39 

40.32 

78.18 

100.00 

Red  wheat  meal,  j 

Young  Sheep  I., . 
Young  Sheep  III., 
Average,  . 

88.15 
83.41 

25.79 
29.37 

68.49 
65.70 

40.05 

93.98 
90.96 

80.65 
79.29 

85.78 

27.58 

67.10 

- 

92.47 

79.97 

Learning  corn  ( 
silage.  ) 

Old  Sheep  EL,  . 
Old  Sheep  III.,  . 
Average,  . 

67.82 
72.22 

45.58 
54.08 

58.89 
68.93 

68.33 
73.71 

71.38 
74.40 

82.97 
86.31 

70.02 

49.83 

63.91 

71.02 

72.89 

84.64 

White  winter  ( 
wheat  meal.  ) 

Young  Sheep  L, . 
Young  Sheep  III., 
Average,  . 

90.58 
85.97 

10.31 

48.68 

82.68 
80.90 

77.39 

94.93 
92.04 

62.24 
66.46 

88.28 

29. 50 

81.79 

93.49 

64.35 

Feed   barley  ( 
meal.  ) 

Paige  Sheep  IV., 
Paige  Sheep  V., . 
Average,  . 

91.36 
86.58 

28.16 
47.12 

90.06 
86.10 

96.01 
44.78 

94.08 
91.94 

85.90 
86.78 

88.97 

37.64 

88. US 

70.40 

93.01 

86.34 
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Discussion  of  the  Results. 
Early  Amber  Sorghum,  —  This  seed  was  sown  broadcast 
May  25  at  the  rate  of  60  pounds  to  the  acre,  and  the  crop 
was  cut  for  soiling.  It  made  a  satisfactory  growth,  yielding 
at  the  rate  of  19  tons  to  the  acre.  The  digestion  trial  began 
August  13,  as  the  sorghum  was  heading  out,  and  the  faeces 
were  collected  August  20  to  26,  when  the  plants  were  fully 
headed  and  the  seed  forming,  at  which  period  it  is  probably 
at  its  best  for  soiling  purposes. 


Summary  of  the  Coefficients  {Per  Cent.). 

Period  I. 


"o  a 

to 

3 

u  £ 

Sheep. 

|IS 

Single 
Tr 

Dry  Mi 

< 

Proteii 

Fiber. 

Nitro) 
free 
tract 

la 
n 

Paige  Sheep  IV  

1 

1 

69.36 

42.98 

45.36 

71.72 

74.04 

60.39 

Paige  Sheep  V  

1 

1 

67.37 

40.45 

50.91 

65.22 

73.35 

65.10 

Average  

1 

a 

68.37 

41.72 

48.14 

68.47 

73.70 

62.75 

Barnyard  millet  for  compari- 

3 

6 

70.00 

56.00 

65.00 

73.00 

71.00 

58.00 

son. 

Corn  fodder  (immature)  for 

5 

14 

68.00 

42.00 

66.00 

65.00 

71.00 

68.00 

comparison. 

The  two  trials  with  the  sheep  agree  quite  well  with  each 
other,  and  likewise  with  millet  and  corn  fodder  at  a  similar 
stage  of  growth.  The  protein  only  seems  to  be  less  digestible 
than  that  contained  in  the  other  two  fodders.  Sorghum  is 
eaten  well  by  dairy  cattle,  is  available  just  before  corn  is 
sufficiently  mature  to  be  at  its  best,  and  is  considered  a 
satisfactory  addition  to  the  list  of  soiling  crops  for  Massa- 
chusetts. A  fuller  discussion  of  the  merits  of  this  plant  for 
soiling  will  be  presented  later. 

Pride  of  the  North  Dent  Corn  Fodder.  —  The  samples 
were  taken  from  a  large  field  of  exceptionally  thrifty  and 
well-eared  fodder.  The  stalks  were  quite  stout  and  the  ears 
fully  developed.  Sampling  was  begun  September  5,  and  the 
faeces  were  collected  September  13  to  19,  at  which  time  the 
grain  was  in  the  dough  and  denting.  The  entire  plant  was 
cut  fine  before  being  fed.  It  contained  77.4  per  cent,  water 
and  8.83  per  cent,  protein  in  dry  matter. 
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Summary  of  the  Coefficients  {Per  Cent.). 

Period  II. 


Shksp. 

Number  of 
Different 
Lots. 

Single 

Trials. 

Dry  Matter. 

4 
< 

a 

i 

B 
2 

S 

Nitrogen- 
free  Ex- 
tract. 

2 

Old  Sheep  II  

1 

1 

71.89 

40.06 

64.45 

66.50 

77.76 

78.37 

Old  Sheep  III.,  .... 

1 

69.22 

28.81 

61.03 

63.14 

76.32 

73.75 

1 

2 

70.56 

34. 43 

62.74 

64.82 

77.04 

76.06 

Average  all  experiments, Dent 
corn  fodder  for  comparison. 

9 

17 

68.00 

34.00 

53.00 

57.00 

73.00 

74.00 

The  two  sheep  consumed  the  fodder  readily,  suffered  no 
digestion  disturbances  and  gave  closely  agreeing  results.  The 
average  coefficients  secured  with  the  two  sheep  agree  as  closely 
as  could  be  expected  with  the  average  of  all  results  for  mature 
Dent  fodder.  The  present  experiment  shows  in  a  very  satis- 
factory manner  the  degree  of  digestibility  of  an  excellent 
variety  of  Dent  fodder  that  will  mature  in  Massachusetts. 

Porto  Rico  Molasses.  —  Molasses  from  Porto  Rico  has  been 
freely  offered  in  Massachusetts  for  cattle  feeding  at  a  cost  of 
13  cents  a  gallon  of  12  pounds  in  barrel  lots.  The  material, 
while  dark  colored,  was  of  a  satisfactory  quality.  It  con- 
tained 20  to  28  per  cent,  of  water  (about  24  per  cent,  aver- 
age), and  in  its  natural  condition  about  3  per  cent,  of  crude 
protein  (largely  amids),  6.3  per  cent,  of  ash,  and  the  balance 
cane  and  invert  sugars  and  allied  substances  (extract  matter). 
It  can  be  safely  assumed  that  molasses,  being  quite  soluble  in 
water,  is  easily  digested  and  resorbed  in  the  digestive  tract. 
Three  digestion  experiments  were  made  by  feeding  different 
quantities  of  the  molasses  in  combination  with  hay,  and  hay 
and  gluten  feed,  in  order  to  note  its  effect  upon  the  digestion 
of  the  other  feed  stuffs.1 


i  It  is  a  well-known  fact  that  the  addition  of  excessive  quantities  of  starch  and  sugar 
causes  a  distinct  depression  in  digestibility  of  the  other  feed  stuffs.  See  summary  in 
Kellner  (already  cited) ,  page  48. 
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Summary  of  the  Coefficients  (Per  Cent.). 
Period  III. 

[800  grams  hay,  150  grams  molasses  and  10  grams  salt.] 


Shkkp. 

Number  of 
Ditlereut 
Lots. 

Single 

Trials. 

DryMatter.j 

X 

j 

1 

Nitrogen- 
free  Ex- 
tract. 

Fat. 

Paige  Sheep  IV., 

1 

1 

107.09 

9-2.16 

40.43 

102.76 

Paige  Sheep  V.,  ... 

1 

1 

90.93 

80.02 

10.17 

95.80 

1 

2 

90.01 

86.09 

25. 30 

99.28 

The  results  show  that  apparently  Sheep  IV.  digested  rather 
more,  and  Sheep  V.  some  9  per  cent,  less,  than  the  quantity 
fed.  The  average  coefficients  for  the  two  sheep  indicate  that 
the  dry  matter  of  the  molasses  was  fully  digested.  It  is  prob- 
ably true,  however,  that  in  case  of  Sheep  IV.  the  addition  of 
150  grams  of  molasses  to  the  hay  ration  increased  the  digest- 
ibility of  the  dry  matter  of  the  hay  some  7  per  cent.,  and  in 
case  of  Sheep  V.  decreased  the  digestibility  of  the  hay  about 
a  like  amount.  The  results  can  be  still  further  explained  by 
the  following  figures :  — 


Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Digested  of  800  grams  hay  fed  alone 

408.87 

23.43 

32.85 

133.86 

210.30 

8.12 

(grams). 

Digested  of  800  grams  hay  +  150  grams 

523.71 

31.78 

34.56 

141.89 

306.85 

8.54 

molasses. 

Minns  150  grams  molasses  fed,  as- 

107.24 

9.06 

4.23 

93.95 

sumed  to  be  all  digested  (grams). 

Leaves  for  800  grams  hay  digested 

416.47 

22.72 

30.33 

141.89 

212.90 

8.54 

when  fed  with  molasses. 

Difference  

+7.60 

—2.52 

+8.03 

+2.60 

+  .42 

It  will  be  seen  that  in  case  of  Sheep  IV.  the  feeding  of  150 
grams  of  molasses  with  800  grams  of  hay  increased  the  digest- 
ibility of  the  hay  7.6  grams.  By  this  method  of  feeding  the 
digestibility  of  the  fiber,  extract  matter  and  fat  in  the  hay 
was  increased  11.05  grams  and  the  digestibility  of  the  ash 
and  protein  depressed  3.23  grams.  If  150  grams  of  molasses 
increased  the  digestibility  of  the  hay  7.32  grama  (7.00),  100 
grams  of  molasses  would  increase  it  5.1  grams. 
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Sheep  V. 


Dry 
Matter. 

Ash. 

Protein. 

408.87 

23.43 

32.85 

506.38 

30.68 

33.28 

107.24 

9.06 

4.23 

399.14 

21.62 

29.05 

—9.73 

—1.81 

-3.80 

Fiber. 


Nitrogen- 
free 
Extract. 


Digestion  of  800  grams  buy  fed  alone 
(grams). 

Digested  of  800  grains  hay     150 grams 

molasses  (grams). 
Minus  150  grams  molasses  fed  assumed 

to  be  all  digested  (grams). 
Leaves  for  *00  grams  hay  digested 

when  fed  with  molasses. 
Difference  


133.86 
133.82 


133.82 
—.04 


Sheep  V.  digested  9.36  (9.73)  grams  less  hay  when  the 
latter  was  fed  with  the  molasses  than  when  it  was  fed  alone, 
or  100  grams  of  molasses  caused  a  depression  of  6.05  grams 
in  the  digestibility  of  the  hay.  The  results  secured  in  this 
particular  experiment  (Period  III.)  are  contradictory,  and 
definite  conclusions  cannot  be  drawn  other  than  to  conclude 
that  this  quantity  of  molasses  was  well  assimilated,  without 
causing  any  serious  digestion  depression. 


Period  IV. 

[800  grams  hay  +  250  grams  molasses  4-  10  grams  salt.J 


^  ?. 

5 

Sheep. 

Diffei 
Lots. 

Single 
Tri 

Dry  Ma 

Ash. 

Protein 

Fiber. 

Nitrog 
free 
tract. 

Fat. 

Paige  Sheep  IV., 

1 

1 

91.89 

47.38 

95.35 

Paige  Sheep  V.,  ... 

1 

1 

88.21 

57.54 

95.30 

Average,  

1 

•2 

90. 05 

52.56 

95.33 

It  seems  apparent  that  90  per  cent,  of  the  total  dry  matter 
of  the  molasses  was  digested,  equivalent  to  one-half  of  the 
ash,  none  of  the  protein  and  95  per  cent,  of  the  extract  matter. 
That  these  r3sults  are  more  apparent  than  real  can  be  shown 
from  the  following :  — 
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Average,  Sheep  IV.  and  V. 


_ 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 

Fat. 

Extract. 

Digested  of  800  grams  hay  fed  alone 

404. 50 

23.19 

32.51 

132.44 

208.07 

8.03 

(grams). 

Digested  of  800  grams  hay  +  250  grams 

566.92 

31.20 

32.04 

136.99 

358.65 

8.06 

molasses  (grams). 

Minus  250  grams  molasses  fed,  as- 
sumed to  be  all  digested  (grams). 

180.30 

15.24 

7.10 

157.96 

Leaves  for  800  grams  bay  digested 

386.62 

15.96 

24.94 

136.99 

200.69 

8.06 

when  fed  with  molasses. 

-f4.55 

—7.38 

+  .03 

The  average  results  for  the  two  sheep  show  that  17.94 
(17.60)  grams  less  hay  were  digested  when  250  grams  of 
molasses  were  fed  than  when  the  hay  was  fed  by  itself;  or 
100  grams  of  molasses  caused  a  depression  of  7.2  grains  in 
the  digestibility  of  the  dry  matter  of  the  hay.  The  molasses 
depressed  the  digestibility  of  the  ash,  protein  and  extract 
matter  of  the  hay.  Excluding  the  ash,  100  grains  of  molasses 
caused  a  depression  of  4.1  grams  in  the  digestibility  of  the 
organic  matter  of  the  hay.  Molasses  and  hay  naturally 
would  not  make  a  satisfactory  combination  for  any  kind  of 
farm  stock.  A  more  suitable  ration  would  consist  of  hay,  a 
protein  concentrate  and  molasses ;  consequently,  the  digest- 
ibility of  the  latter  was  tested  in  combination  with  hay  and 
gluten  feed,  with  the  following  results :  — 


Period  VIII. 

[600  grams  hay,  200  grams  gluten  feed,  250  grams  molasses,  10  grams  salt.] 


Sheep. 

Number  of 
Different 
Lots. 

Single 

Trials. 

Dry  Matter. 

A 

00 

< 

Protein. 

Fiber. 

Nitrogen- 
free  Ex- 
tract. 

Fat. 

Paige  Sheep  IV., 
Paige  Sheep  V., 
Average  

1 
1 

1 

76.50 
72.53 

64.12 
65.25 

86.93 
84.80 

1 

2 

74.52 

64.59 

85.87 

It  is  apparent  from  the  above  results  that  the  sheop  digested 
only  some  75  per  cent,  of  the  total  dry  matter  of  the  molasses. 
By  assuming  that  the  entire  quantity  of  molassc-  fed  was 
digested,  the  following  results  are  secured :  — 


148  EXPERIMENT  STATION.  [Jan. 


Average,  Sheep  IV  and  V. 


Dry 
Matter. 

Ash 

r rotcin. 

Fiber 

Nitrogen- 
Extract. 

Fat. 

Digested  of  hay  and  gluten  feed  when 

524.97 

18.75 

81.88 

148.40 

264.22 

11.74 

ted  without  molasses  (grams). 

Digested  of  hay  and  gluten  feed  fed 

660.31 

29.58 

79.47 

139.96 

399.66 

11.61 

with  molasses. 

Minus  250  grams  molasses  fed,  as- 

181.68 

16.75 

7.16 

157.77 

sumed  to  be  all  digested  (grams). 

Hay  and  gluten  feed  digested  when 

478.63 

12.83 

72.31 

139.96 

241.89 

11.61 

fed  with  molasses  (grams). 

Difference,  

—46.34 

—5.92 

—9.57 

—8.44 

-22.33 

—  .13 

The  average  results  for  the  two  sheep  show  that  46.34 
grams  less  of  the  dry  matter  of  the  hay  and  gluten  feed  were 
digested  with  than  without  the  molasses;  or  100  grams  of 
molasses  caused  a  depression  of  18.5  grams  in  the  digestibility 
of  the  hay  and  gluten  ration.  Excluding  the  ash,  100  grams 
of  molasses  caused  a  depression  of  3.8  grams  protein  and  12.3 
non-protein  substances. 

When  250  grams  of  molasses  were  fed  in  connection  with 
hay,  the  digestion  depression  for  organic  matter  was  at  the 
rate  of  4  grams  per  100  grams  molasses;  and  when  fed  in 
connection  with  hay  and  a  nitrogenous  concentrate,  the  diges- 
tion depression  was  16.1  grams.  It  is  intended  to  repeat  the 
latter  experiment  by  feeding  different  quantities  of  molasses 
with  hay  and  gluten  feed,  in  order  to  see  if  the  depression 
continues  as  high  as  that  observed  in  the  present  test. 

The  average  of  three  complete  analyses  of  Porto  Rico 
molasses  has  shown  it  to  contain,  in  round  numbers,  24  per 
cent,  of  water,  6.25  per  cent,  ash,  2.75  per  cent,  protein  and 
67  per  cent,  carbohydrates.  Inasmuch  as  the  so-called  protein 
is  practically  all  in  amido  or  other  forms  which  are  of  no 
value  as  sources  of  nutrition,  it  may  be  said  that  the  food 
value  of  molasses  consists  in  its  67  per  cent,  of  carbohydrates. 
Applying  th^  digestion  coefficient  of  86,  obtained  for  the 
digestibility  of  the  extract  matter  when  the  molasses  was  fed 
in  combination  with  hay  and  gluten  feed,  one  obtains  58  per 
cent,  of  digestible  carbohydrates,  equivalent  to  1,160  pounds 
in  a  ton. 
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By  deducting  1G  grains,  or  1G  pounds  (for  the  digest  inn 
depression),  from  the  70  per  cent,  of  total  organic  matter, 
molasses  may  be  said  to  contain  54  per  cent,  of  digestible 
organic  matter,  equivalent  to  1,080  pounds  in  a  ton.  In  the 
light  of  the  above  results,  it  is  evident  that  2,000  pounds  of 
Porto  Rico  molasses  contain  between  1,080  and  1,1  GO  of 
easily  digestible  carbohydrates,  and  that  its  crude  protein  has 
little  or  no  value  as  a  source  of  nutrition.1 

Kellner 2  considers  the  value  of  beet  sugar  molasses  to 
consist  in  its  55  per  cent,  of  digestible  carbohydrates,  allow- 
ance being  made  for  the  digestion  depression.  Lehmann,3 
as  a  result  of  three  digestion  experiments  (9  single  trials), 
feeding  hay,  cotton-seed  or  palm-nut  meal,  and  200,  300  and 
400  grams  of  molasses,  secured  a  digestion  depression  of  11 
per  cent.,  or  11  grams,  per  100  grams  of  molasses  fed.  De- 
ducting this  from  the  71  per  cent,  of  organic  matter,  he 
declares  the  value  of  the  beet  molasses  to  consist  in  its  GO 
per  cent,  of  digestible  carbohydrates. 

English  Hay.  —  This  hay  consisted  largely  of  Kentucky 
blue  grass  (Poa  pratensis),  with  an  admixture  of  more  or  less 
red  clover.  It  was  cut  when  in  bloom,  well  cured,  and  used 
in  periods  V.,  VI.,  VII.,  VIII.,  IX.,  XL,  XII.,  XIII., 
XIV.,  XV.  and  XVI. 

1  One  is  not  likely  to  feed  over  3  pounds  of  molasses  daily  to  dairy  stock  or  to  horses, 
which  is  equivalent  to  approximately  10  per  cent,  of  the  dry  matter  of  the  total  ration. 
In  our  digestion  experiment  with  hay  and  gluten  feed,  molasses  constituted  20  per  cent, 
of  the  dry  matter  of  the  ration;  and  in  Lehmann's  experiments,  25  percent.  If  only 
10  per  cent,  of  the  total  dry  matter  in  the  daily  ration  should  consist  of  molasses,  the 
question  naturally  arises  as  to  whether  this  amount  would  cause  so  much  of  a  depres- 
sion as  when  larger  quantities  were  fed.   This  matter  is  being  investigated. 

2  Kellner  (already  cited),  page  350. 

a  Landw.  Jahrbucher,  Vol.  XXV.  Erganzungsband  11, 1894,  pages  117-120. 
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Summary  of  the  Coefficients  (J*er  Cent.). 
Periods  V.,  VI.,  JX. 


Sheep. 

er  of 
erent 
t. 

rials. 

atter.l 

a 

£  w 

®H 
g 

>> 

JS 
m 

1 

u 

itro 
trac 

i 

GO 

a 

R 

Paige  Sheep  IV., 

1 

1 

66.05 

43.76 

60.86 

75.44 

64.85 

49.88 

Paige  Sheep  V  

1 

1 

64.90 

45.44 

62.20 

72.18 

64.06 

50.51 

Average  

1 

2 

65.48 

44.60 

61.53 

73.81 

64.46 

60.90 

1 

1 

69.38 

51 .01 

63.20 

lo.O* 

68.29 

O.).  11 

Old  Sheep  III.  

1 

1 

66.36 

47.33 

61.41 

74.55 

66.66 

49.53 

1 

2 

67.87 

4it.  17 

62.31 

76.30 

66.89 

52.37 

Young  Sheep  I.,  ... 

1 

1 

66.04 

50.60 

63.15 

72.68 

65.01 

53.17 

Young  Sheep  1 1., 

1 

1 

66.75 

52.31 

60.43 

74.87 

65.29 

55.64 

Young  Sheep  III.,  . 

1 

1 

64.98 

52.95 

62.37 

71.05 

63.68 

53.88 

Average  

1 

3 

65.92 

51.96 

61.98 

72.87 

64. 66 

54.23 

Average,  seven  sheep, 

1 

7 

66.35 

49.05 

61.95 

75.55 

65.10 

52.55 

Average  all  previous  trials, 

15 

GO 

60.00 

47.00 

57.00 

60.00 

61.00 

50.00 

similar  hay  lor  comparison. 

The  three  lots  of  sheep  digested  the  hay  quite  uniformly. 
The  Old  Sheep  gave  slightly  higher  digestion  coefficients  than 
the  other  two  lots,  —  a  condition  which  has  been  noticed  in 
previous  trials.  The  hay  proved  to  have  a  higher  digestibility 
than  the  average  of  previous  lots ;  the  high  digestibility  of  the 
fiber  indicates  that  the  lignin  substances  were  only  slightly 
developed,  or,  in  other  words,  that  the  grass  was  tender  and 
comparatively  immature. 

Gluten  Feed.  —  The  sample  of  gluten  feed,  consisting  of 
the  gluten,  skins,  starchy  matter  and  broken  germs  of  the 
Indian  corn,  was  in  good  condition,  although  a  little  below  the 
average  in  protein. 
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Summary  of  Coefficients  {Per  Gent.). 

Period  VHL 
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1 
1 
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1 

93.78 
97.83 
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89.26 
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123.46 
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93.42 
97.03 
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79.68 

Average, 
Average  previous  trials 
comparison. 

for 

1 

•> 

13 

96*81 
86.00 

8S.87 

91 .09 

NT  .00 

190.19 
76.00 

96.28 
tu.ou 

77.69 
83.00 

The  gluten  feed  appears  to  have  been  thoroughly  digested, 
showing  higher  coefficients  than  the  average  of  previous  trials. 
It  is  probable  that  the  addition  of  the  gluten  to  the  hay 
ration  somewhat  increased  the  digestibility  of  the  latter.  It 
not  being  possible,  however,  to  ascertain  to  what  extent 
this  increase  took  place,  one  is  compelled  to  deduct  from  the 
total  ration  the  hay  digested  (using  the  coefficients  obtained  for 
the  hay  when  fed  by  itself),  thus  causing  most  of  the  gluten 
coefficients  to  appear  too  high  1  (note  especially  the  fiber). 

Green  Diamond  Sugar  Feed.  —  This  sugar  feed  has  a 
similar  appearance  and  is  of  the  same  general  type  as  those 
already  reported  (see  this  report,  pages  119,  120).  Period 
X.  started  with  two  sheep,  but  the  faeces  produced  by  one 
sheep  were  so  soft  that  it  was  not  possible  to  complete  the 
test.  Another  trial  with  another  sheep  was  also  unsatisfac- 
tory. A  third  trial,  in  Period  XIV.,  with  Paige  Sheep  IV., 
was  satisfactorily  completed. 


Summary  of  Coefficients  {Per  Ce?it.). 

Periods  X.  and  XIV. 
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Old  Sheep  III  

1 

1 

69.58 

38.91 

71.52 

51.76 

78.42 

91. 65 

Paige  Sheep  IV., 

1 

1 

61.49 

36.41 

67.61 

35.79 

70.36 

75.49 

Average,  .... 

1 

0 

65.54 

37.66 

69.57 

43.78 

74.39 

83.57 

Average  of  three  other  sugar 

3 

6 

70.44 

30.37 

61.77 

53.30 

78.40 

88.20 

feeds  (Series  X.). 

Average  all  trials,  . 

4 

s 

69.21 

32.20 

63.72 

.50.92 

77.40 

87.04 

»  The  addition  of  a  concentrated  feed  rich  in  protein  tends  to  improve  the  digesti. 
bility  of  the  total  ration,  especially  the  liber.    (See  Kellner,  loot*  citato,  pages  51-53.) 
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Sheep  III.  digested  the  feed  rather  better  than  Sheep  IV. 
Attention  has  already  been  called  to  the  fact  that  the  Old 
Sheep  had  a  slightly  stronger  digestion  than  the  others,  but 
why  the  difference  should  be  so  noticeable  is  difficult  to 
explain. 

The  protein  in  the  sample  of  Green  Diamond  experimented 
with  was  better  digested  than  that  in  the  several  other  sugar 
feeds.  The  results  secured  with  Sheep  III.  and  the  average 
results  of  all  trials  agree  closely;  and  it  may  safely  be  said 
that  this  feed  has  about  the  same  type  of  composition  and  a 
like  degree  of  digestibility  as  the  other  sugar  feeds  examined. 
The  average  results  of  all  trials  show  the  sugar  feeds  to  be 
only  moderately  digestible,  being  noticeably  less  so  than  either 
flour  middlings  or  gluten  feed. 

Sea  Island  Cotton-seed  Meal.  —  This  meal  contained  a 
large  quantity  of  hulls,  showing  only  24-25  per  cent,  of 
protein,  5-6  per  cent,  of  fat  and  some  18  per  cent,  of  fiber. 
It  is  claimed  that  the  hulls  of  this  variety  of  seed  are  thin, 
and  that  it  is  not  possible  (or  profitable)  to  thoroughly  sep- 
arate them  from  the  meats. 


Summary  of  Coefficients  (Per  Ce?it.). 

Period  XI. 
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Paige  Sheep  IV  
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1 
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80.34 

77.14 

73.02 

99.74 

Paige  Sheep  V  

1 

75.69 

88.79 

80.04 

40.32 

83.34 

100+ 

1 

2 

67.95 

84.56 

78.59 

40.32 

78.18 

100.00 

Similar  material  (Maine), 

1 

2 

62.00 

73.00 

38.00 

68.00 

90.00 

Cotton-seed  meal  (high  grade) , 

4 

19 

79.00 

84.00 

84.00 

35.00 

78.00 

94.00 

Sheep  IV.  was  not  able  to  digest  the  meal  as  fully  as  was 
Sheep  V.  The  cause  of  this  difference  is  due  largely  to  the 
indigestible  character  of  the  tough,  woody  fiber.  The  co- 
efficients secured  at  the  Maine  station  for  a  similar  meal  are 
somewhat  lower  than  those  obtained  in  the  present  experi- 
ment. 

The  fat  in  the  low-grade  meal  is  shown  to  be  nearly  all 
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available,  while  the  protein  is  somewhat  less  digestible  than 
that  contained  in  a  high-grade  meal;  the  chief  difference, 
however,  in  the  digestibility  of  the  two  grades  is  to  be  found 
in  the  total  dry  and  extract  matter,  decidedly  lower  coefficients 
being  secured  from  the  low-grade  meal  containing  a  high 
fiber  percentage.  Cotton-seed  meal  of  first  quality  should 
contain  in  2,000  pounds  about  700  to  700  pounds  protein,  44 
pounds  fiber,  380  pounds  extract  matter  and  102  pounds  fat, 
or  1,346  pounds  digestible  organic  matter  in  one  ton.  A  low- 
grade  meal  will  contain  380  pounds  protein,  144  pounds  fiber, 
540  pounds  extract  matter  and  142  pounds  fat,  or  1,20G 
pounds  digestible  organic  matter  in  a  ton.  The  low-grade 
meal  contains  only  about  one-half  as  much  of  the  most  valu- 
able ingredient  (digestible  protein)  as  does  the  high-grade 
meal.  The  former  meal  will  likewise  require  considerably 
more  energy  for  its  digestion. 

Learning  Com  Silage.  —  The  Learning  corn  is  a  large  dent, 
that  will  usually  mature  its  grain  in  Massachusetts.  The 
silage  was  in  nice  condition,  and  was  made  from  matured  and 
well-eared  corn.  The  sheep  ate  the  silage  well,  continued  in 
good  condition,  and  during  the  entire  trial  left  only  25  and 
40  grams  each  of  the  hard  butts. 


Period  XIII. 
[400  grams  hay,  1,600  grams  silage,  10  grams  salt.] 
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9 

25 
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37.00 

50.00 
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The  two  sheep  showed  closely  agreeing  results  except  in  case 
of  the  protein,  Sheep  III.  digesting  10  per  cent,  more  than 
Sheep  II.  The  Learning  corn  is  highly  esteemed  by  many 
farmers  for  silage  purposes;  and  the  fact  that  it  will  generally 
mature  its  grain,  together  with  its  high  degree  of  digestibility, 
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as  shown  by  the  above  coefficients,  shows  the  preference  to  be 
a  wise  one.  The  average  results  of  the  two  trials  are  rather 
higher  than  the  general  average  of  all  experiments  with  dif- 
ferent varieties  of  Dent  corn. 

Red  and  White  Wheat  and  Barley  Meals.  —  The  several 
grains  were  purchased  of  local  dealers.  Neither  variety  of 
wheat  wras  suitable  for  milling;  the  former  contained  some 
shrunken  berries  and  a  few  weed  seeds,  and  the  latter,  while 
fairly  plump,  was  off  color.  The  barley  was  known  as  "  feed 
barley ;  "  it  was  not  plump  and  full,  and  was  a  trifle  musty. 
The  grains  were  sold  as  food  for  poultry,  and  may  be  con- 
sidered of  a  fairly  satisfactory  quality  for  such  a  purpose. 
The  red  wheat  retailed  at  $1.65,  the  white  at  $1.80  and  the 
barley  at  $1.30  per  hundred  pounds.  The  analyses  and  the 
digestion  trials  were  made  for  the  purpose  of  ascertaining 
their  relative  values  for  feeding  purposes. 


Composition  (Per  Cent.). 


Feed. 

Water. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

12 
12 
11 

1.69 
1.67 
2.91 

8.76 
11.50 
12.99 

2.64 
2.11 

5.52 

72.45 
70.84 
65.78 

2.46 
1.90 
1.80 

Each  of  the  two  samples  of  wheat  contained  a  trifle  less 
than  12  per  cent,  water,  and  the  results  were  therefore  cal- 
culated to  that  basis  for  comparison.  The  white  wheat  tested 
a  little  better  than  the  red,  containing  nearly  3  per  cent,  more 
protein  and  a  little  less  fiber.  It  is  doubtful,  however,  if  these 
figures  would  hold  true  in  all  cases.  In  fact,  it  is  well  known 
that  both  climate  and  soil  have  great  influence  on  the  quality 
of  wheat  and  gradually  modify  varieties. 

The  barley  showed  rather  more  protein  than  is  usually 
found  in  this  grain.  It  is  probable  thai  it  had  nol  been  fully 
ripened  when  cut,  thus  preventing  the  most  complete  develop- 
ment of  the  starch. 
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Summary  of  Coefficients  {Per  Cent.). 
Periods  XML,  XK  and  A  FT 
[Red  Wheat.] 
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The  grains  were  ground  in  each  case  before  being  fed. 
Both  varieties  of  wheat  were  well  digested:  the  white  wheat 
appeared  to  have  been  slightly  better  digested  than  the  red. 
The  barley  was  likewise  quite  fully  digested,  showing  89  per 
cent,  of  digestible  dry  matter  and  88  per  cent,  of  digestible 
protein.  The  ratio  of  digestible  protein  to  carbohydrates  in 
the  red  wheat  was  1  to  9;  in  the  white  wheat,  1  to  7 A :  and 
in  the  barley,  1  to  6.8.  The  increased  digestibility  of  the 
protein  in  the  white  wheat  and  feed  barley  over  that  contained 
in  the  red  wheat  is  due  probably  to  the  relatively  higher 
percentage  of  protein  in  the  latter  two  grains,  and  conse- 
quently in  the  two  total  rations.1  It  is  believed  that  the 
protein  in  ordinary  grains  (maize,  wheat  and  barley)  is 
equally  and  quite  fully  digested,  providing  it  is  fed  in  a 
ration  having  a  ratio  of  1  to  8  or  less ;  and  that  the  apparent 

*  For  every  100  grams  of  dry  matter  fed.  a  reasonably  definite  amount  of  nitrogenous 
metabolic  by-products  are  egested,  mixed  with  the  faeces,  whether  the  ration  is  rirh  or 
poor  in  protein.  It  follows,  therefore,  that  the  smaller  the  amount  of  protein  in  the 
total  ration  the  smaller  will  be  the  amount  of  protein  left  (digested)  after  these  by- 
products which  are  included  in  the  fa?ces  have  been  deducted. 
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low  coefficient  (see  present  red  wheat  protein  coefficient,  and 
average  protein  coefficients  for  maize)  is  due  largely  to  the 
above-mentioned  cause.1  A  further  study  of  the  coefficients 
of  wheat,  barley  and  corn,  as  given  on  the  previous  pages, 
shows  the  extract  matter  to  have  practically  the  same  degree 
of  digestibility.2 

On  the  basis  of  composition  and  of  the  digestion  coefficients 
secured,  the  white  variety  of  wheat  is  shown  to  be  some  9 
per  cent,  more  valuable  than  the  red.  Whether  this  would 
hold  true  as  a  general  rule  is  not  known.  Other  things  being 
equal,  the  higher  the  protein  content  of  the  wheat  the  more 
valuable  it  is. 

Taking  the  value  of  all  the  ingredients  into  consideration 
(protein,  fiber,  extract  matter  and  fat),  an  average  quality 
of  "  feed  barley "  appears  to  be  about  as  valuable  as  an 
average  quality  of  white  wheat,  and  both  grains  figure  slightly 
more  valuable  than  maize  (8  per  cent.).  Kellner  3  considers 
these  three  grains  to  have  very  nearly  equal  relative  values, 
and  as  sources  of  carbohydrates  this  estimate  must  be  correct. 
Brooks  4  has  called  attention  to  the  fact  that,  with  a  plentiful 
supply  of  animal  protein,  corn  gives  rather  better  results 
than  wheat  for  egg  production,  and  at  less  relative  cost. 
In  view  of  their  composition  and  digestibility,  it  would  seem 
as  if  there  were  no  reason  to  expect  any  particular  difference 
in  the  feeding  effect  of  these  two  grains.  It  is  possible, 
however,  that  the  energy  required  for  the  digestion  of  the 
wheat  might  be  greater  than  that  required  to  digest  the  corn. 
It  is  well  known  that  poultry  are  particularly  fond  of  corn 
and  moderately  so  of  wheat,  but  do  not  care  especially  for 
barley.  This  fact  should  not  be  overlooked'  in  comparing  the 
relative  merits  of  corn,  wheat  and  barley  for  this  class  of 
stock. 

1  For  every  100  grams  of  dry  matter  fed,  a  reasonably  definite  amonnt  of  nitrogenous 
metabolic  by-products  are  egested,  mixed  with  the  fa?ces,  whether  the  ration  is  rich  or 
poor  in  protein.  It  follows,  therefore,  that  the  smaller  the  amount  of  protein  in  the 
total  ration  the  smaller  will  be  the  amount  of  protein  left  (digested)  after  these  by- 
products which  are  included  in  the  faeces  have  been  deducted. 

2  The  digestion  experiments  thus  far  made  with  poultry  show  the  dry  matter  In  corn 
to  be  87,  protein  84  and  extract  matter  92  per  cent,  digestible;  and  in  wheat  dry  matter 
84,  protein  77  and  extract  matter  89  per  cent,  digestible.  In  other  words,  poultry  digest 
the  two  grains  to  about  the  same  extent  as  sheep. 

8  Loco  citato,  page  Ml. 

4  Eighteenth  report  of  this  station,  page  152. 
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KEPORT  OF  THE  BOTAXIST. 


G.  E.  STONE;   ASSISTANT,  N.  P.  HONAHAN. 


Outline  of  Work. 

The  work  of  this  department  has  been  devoted  during  the 
past  year  to  lines  of  investigation  pertaining  to  scientific  and 
practical  problems.  Attention  has  been  given  to  the  spraying 
of  potatoes,  and  to  a  study  of  the  stimulating  or  tonic  influence 
of  the  Bordeaux  mixture  on  the  photosynthesis  of  plants.  It 
has  long  been  recognized  by  many  observers  that  Bordeaux 
mixture,  besides  possessing  valuable  fungicidal  properties,  ex- 
erts a  tonic  effect  on  plant  assimilation.  The  factors  under- 
lying the  cause  of  this  favorable  influence  upon  assimilation, 
however,  are  not  well  understood,  and  investigations  are  to  be 
continued  relating  to  this  problem. 

A  continuation  of  our  studies  of  a  remedy  for  tomato  rot 
under  glass  has  been  carried  on,  and  it  will  be  necessary  to 
continue  these  investigations  still  further  before  a  report  is 
made.  It  is  hoped  that  the  necessary  funds  for  a  new  green- 
house will  be  appropriated  this  winter  by  the  Legislature,  in 
order  that  this  work  and  other  problems  associated  with  green- 
house culture  may  be  investigated.  There  is  a  large  amount 
of  money  invested  in  greenhouses  at  the  present  time  in 
Massachusetts,  and  we  believe  we  are  within  the  limits  of 
safety  when  we  state  that  the  square  feet  of  greenhouse  space 
in  Massachusetts  has  been  doubled  within  the  past  five  years. 
Little  attention  has  been  given  to  this  line  of  investigation  by 
other  stations,  and  the  market-garden  and  florist  industry  .is 
important  enough,  in  this  State  at  least,  to  receive  consider- 
able attention. 

During  the  past  summer  tests  have  been  made  of  some 
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blight-resisting  cantaloupes  which  were  originated  in  Colo- 
rado. It  is  hoped  that  further  observations  may  be  made  on 
cantaloupes,  with  the  idea  of  securing  blight-resisting  types, 
since  at  the  present  time  crops  of  melons  free  from  blight 
are  a  rarity  in  Massachusetts. 

Some  bacterial  investigations  have  been  carried  on  which 
possess  a  bearing  on  various  problems,  but  it  is  not  deemed 
advisable  to  report  on  this  work  at  the  present  time. 

This  also  holds  true  in  regard  to  some  minor  experiments 
with  electricity  as  related  to  plants.  Extensive  observations 
have  been  made  in  regard  to  the  bearing  of  light  upon  plant 
growth,  more  particularly  in  regard  to  greenhouse  construc- 
tion and  other  problems. 

During  the  coming  year  we  expect  to  take  up  the  study  of 
some  climatic  influences  which  affect  the  production  of  both 
greenhouse  and  out-door  crops.  The  production  of  crops  is 
so  intimately  associated  with  such  factors  as  light,  heat, 
moisture,  etc.,  —  factors  which  are  scarcely  appreciated  ex- 
cept by  skilled  greenhouse  growers,  —  that  a  more  extensive 
study  of  them  would  prove  of  value. 

During  the  year  a  large  number  of  mechanical  analyses 
of  soils  have  been  made  by  this  department,  most  of  which 
were  rose  soils.  These  analyses  were  made  for  expert  rose 
growers,  who  desired  to  secure  suitable  soils  for  the  growth 
of  American  Beauty  and  other  roses. 

Seed  Work. 

There  is  a  constantly  increasing  demand  upon  this  depart- 
ment for  work  pertaining  to  seed  germination,  seed  separa- 
tion and  purity  testing  of  seeds.  The  department  is  not  at 
present  sufficiently  well  equipped  for  purity  testing,  since  the 
best  work  in  this  line  can  be  done  only  by  a  specialist,  or  by 
one  who  is  able  to  devote  considerable  study  to  the  subject. 

Most  of  our  .seed  separation  is  done  for  tobacco  and  onion 
growers  of  the  Connecticut  valley,  and  for  this  work  the 
department  has  installed  efficient  appliances.  It  is  hoped  that 
niarket  gardeners  will  eventually  separate  their  seed,  since 
in  growing  such  crops  as  lettuce,  celery,  radishes,  etc.,  this 
practice  would  prove  valuable. 
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The  following  table  gives  a  condensed  statement  of  the 
work  done  by  this  department  on  seeds  during  the  year :  — 


Record*  of  Seed  Work  for  1906. 


Number  of 
Samples. 

Number  of 
Seed. 

Weiglit 
(Pounds). 

Good  Seed 
(Per  Cent.). 

Discarded 

Seed 
(Per  Cent.). 

Germination  tests,  . 

126 

19,567 

58.8 

Purity  test  

18 

Seed  separation :  — 

13 

129.6 

83.8 

16.2 

Tobacco  

74 

24.1 

80.3 

19.7 

Total  

231 

The  average  percentage  of  germination  of  onion  seed  was 
79.5  ;  of  sweet  corn,  71.9  ;  and  the  highest  percentage  of  onion 
seed  germination  was  100,  while  the  same  percentage  was 
obtained  with  samples  of  sweet  corn.  The  lowest  percentage 
of  germination  of  onion  was  28 ;  that  of  sweet  corn,  25.  In 
practically  all  cases  200  seeds  were  employed  in  each  test,  and 
smaller  numbers  were  used  only  when  the  number  of  seeds 
sent  in  was  less.  Occasionally  more  than  one  test  was  made, 
and  the  average  in  such  cases  was  taken.  The  onion  seeds 
tested  during  1906  were  particularly  good,  being  much  better 
than  those  we  have  tested  during  previous  years.  Both  onion 
and  tobacco  seed  were  separated  by  air.  Only  2  per  cent, 
of  seed  was  discarded  by  the  process  of  air  separation  from 
the  best  tobacco  seed  sent  in,  wdiile  from  the  poorest  samples 
37  per  cent,  was  discarded.  In  the  case  of  the  best  onion  seed, 
8  per  cent,  was  discarded  by  the  use  of  a  winnowing  machine, 
while  only  20  per  cent,  was  discarded  from  the  poorest  sam- 
ples of  onion  seeds. 

Prevalence  of  Fungi,  etc. 
One  of  the  peculiarities  of  the  different  seasons  is  that  no 
two  are  alike  as  regards  the  prevalence  of  certain  pathogenic 
fungi.  The  potato  has  been  comparatively  free  from  disease 
during  the  past  season;  but  there  was  more  or  less  trouble 
with  celery,  particularly  in  the  summer,  when  there  was  a 
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period  of  rather  dry  weather;  and  later  in  the  fall  there  was 
much  complaint  of  celery  blight.  Pear  and  apple  blight  were 
unusually  prevalent  this  year,  more  so  than  they  have  been 
for  some  time.  An  unusually  large  number  of  samples  of 
pear  and  apple  blight  were  sent  in  to  the  station  for  diagnosis 
during  the  spring  and  early  summer.  More  or  less  defoliation 
of  apple  trees  has  occurred,  resulting  in  part  from  the  late 
spring  frosts,  which  caused  blisters  on  the  leaves;  and  from 
the  use  of  spraying  mixtures. 

A  considerable  amount  of  trouble  is  being  experienced  in 
the  defoliation  of  apple  trees  at  the  present  time  in  various 
parts  of  the  United  States,  which  is  presumably  caused  by 
spraying.  Some  of  this  trouble  is  to  be  found  in  our  State, 
and  we  surmise  that  it  may  be  due  in  some  cases  to  the  use 
of  inferior  Paris  green  in  Bordeaux  mixture,  and  in  other 
cases  to  the  Bordeaux  itself.  The  Baldwin  apple  spot  has 
been  more  or  less  prevalent  during  the  past  season,  and  some 
trouble  has  been  experienced  from  apple  scab. 

A  widely  distributed  and  common  trouble  has  occurred  on 
apple  trees  during  the  past  season,  which  is  termed  sun  scald. 
This  was  more  noticeable  on  small  branches,  particularly  on 
those  which  were  shaded.  This  same  diseased  condition  was 
noticeable  on  other  fruit  trees,  such  as  the  peach  and  plum ; 
and  on  some  wild  shrubs,  like  the  cornels.  The  effect  of  sun 
scald  was  in  some  instances  of  an  insignificant  nature ;  while 
in  others  it  resulted  in  a  partial  girdling  of  some  of  the 
branches,  which  was  followed  by  a  poor  development  of  the 
foliage,  and  in  some  cases  many  of  the  twigs  died. 

Sun  scald  is  the  result  of  a  non-ripening  of  the  wood ;  and 
it  is  significant  that  most  of  the  branches  affected  with  this 
trouble  are  those  hidden  from  the  sun,  which  prevents  the 
wood  from  ripening  as  thoroughly  as  those  which  are  exposed 
to  the  sun. 

For  the  last  two  or  three  years  sooty  mold  on  the  pear  has 
given  rise  to  considerable  trouble.  This  is  caused  by  fungi 
which  grow  in  the  honey-dew  secreted  by  psylla  on  the  leaves 
and  branches.  As  a  consequence  of  this  fungous  growth,  there 
results  a  clogging  of  the  pores  of  the  leaves,  which  renders 
them  unhealthy,  causing  them  to  fall  prematurely.  The 
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young  twigs  and  branches  become  covered  with  a  thick  black 
growth,  resembling  soot,  which  interferes  with  their  normal 
functions,  thus  checking  their  growth.  A  satisfactory  way 
of  ridding  the  branches  of  this  sooty  growth  is  not  known 
to  us  at  the  present  time,  and  from  reports  which  we  have 
received  it  would  appear  that  the  lime  and  sulfur  treatment 
has  no  effect  upon  it.  The  best  method  of  prevention  is  to 
kill  the  psylla,  which  can  be  effectively  done  by  spraying. 

Some  incidental  observations  have  been  made  during  the 
year  on  diseases  which  are  unusual,  at  least  in  this  region; 
and  these  will  be  referred  to  briefly,  since  it  is  necessary  that 
further  studies  of  these  be  made  before  it  can  be  ascertained 
whether  they  are  likely  to  cause  much  trouble.  Our  atten- 
tion has  been  called  a  few  times  to  some  greenhouse  tomato 
troubles,  one  of  which  is  probably  the  Fusarium  wilt,  or 
"  sleeping  disease,"  as  it  is  termed,  —  a  trouble  which  has 
been  reported  elsewhere. 

Another  tomato  trouble  which  has  been  brought  to  our  atten- 
tion is  probably  identical  with  (Edema,  and  is  caused  by 
abnormal  heat  and  moisture  conditions.  In  another  case  a 
bacterial  trouble  of  the  tomato  was  observed  which  was  un- 
doubtedly brought  about  by  the  exceedingly  poor  management 
of  the  crop. 

Two  new  or  little-known  asparagus  troubles  were  noticed 
during  the  past  season,  one  of  which  is  undoubtedly  a  Rhiz- 
octonia  rot,  which  is  mentioned  as  occurring  on  asparagus  by 
Saccardo.  We  were  not  able  to  make  an  elaborate  study  of  this 
asparagus  infection,  owing  to  the  limited  amount  of  material 
which  was  at  hand.  Most  Rhizoctonia  troubles  are  serious, 
and  it  remains  to  be  seen  whether  this  will  prove  to  be  so 
or  not. 

Bacterial  Disease  of  Cucumbers. 
The  bacterial  disease  of  cucumbers,  termed  by  Dr.  Erwin 
R.  Smith  "  bacteriosis,"  has  been  seen  here  in  summer  for 
some  years  on  out-door  cucumber  crops.  My  attention,  how- 
ever, has  not  been  called  to  its  appearance  on  greenhouse  crops 
until  this  year;  but  if  the  reports  and  descriptions  of  this 
disease  are  correct,  it  has  occurred  in  more  than  one  green- 
house during  the  year. 
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In  only  one  case  have  we  had  opportunity  to  examine  an 
affected  crop,  and  this  was  totally  destroyed  during  October. 
This  crop  was  started  in  August,  and,  like  most  crops  of 
cucumbers  started  in  midsummer,  it  was  affected  with  downy 
mildew  (Plasmopara  Cubensis,  B.  &  C,  Humphrey).  The 
soil  in  the  house  was  of  good  texture  for  cucumbers,  and  well 
provided  with  horse  manure  and  commercial  fertilizers,  as 
was  evident  from  the  vigorous  growth  of  the  plants.  About 
the  time  the  plants  had  reached  a  height  of  seven  or  eight 
feet  and  had  set  a  large  amount  of  fruit  the  leaves  com- 
menced to  wilt,  and  in  a  few  days  most  of  the  foliage  col- 
lapsed, leaving  only  a  few  unaffected  leaves  at  the  top  of  the 
plant,  which  necessitated  the  removal  of  the  entire  crop. 
Adjacent  to  this  greenhouse  were  other  larger  houses,  which, 
however,  were  planted  somewhat  later,  and  the  plants  in  these 
houses  entirely  escaped  infection. 

Bacteriosis  of  cucumbers  has  been  rare,  if  it  has  occurred 
at  all,  under  glass  in  this  State.  A  few  years  ago  we  secured 
germs  from  an  affected  out-door  crop  of  cucumbers,  and  in- 
oculated the  soil  in  our  greenhouse  in  which  cucumbers  were 
growing,  with  the  result  that  not  the  slightest  infection  oc- 
curred in  any  instance.  The  experiment  was  made  during  the 
fall  and  winter  months,  which  may  account  in  part  for  the 
failure  of  the  germs  to  infect  the  plants. 

There  is  always  risk  in  planting  a  cucumber  house  in 
August,  since  the  downy  mildew  previously  mentioned,  and 
Anthracnose  (Colletotrichum  Lagenarium  (Pass.)  Ell.  & 
Hals.),  are  sure  to  be  present  during  August  in  full  force; 
and  the  same  probably  is  true  to  a  certain  extent  in  regard 
to  the  germs  of  bacteriosis.  At  any  rate,  it  is  a  significant 
fact  that  nearly  every  house  planted  late  has  none  of  these 
troubles  to  contend  with. 

In  the  case  of  the  bacteriosis  described  above  we  are  of  the 
opinion  that  the  method  of  growing  the  crop  had  something 
to  do  with  its  susceptibility  to  infection,  since  the  plants  were 
in  our  estimation  somewhat  too  vigorous  growers,  and  did  not 
possess  the  best  texture. 

We  have  frequently  advised  growers  of  cucumbers  not  to 
plant  in  August,  on  account  of  mildews,  etc.    There  is  much 
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less  risk  in  planting  in  September,  and  scarcely  any  during 
any  time  in  October.  If  a  house  of  cucumbers  is  planted  in 
August,  it  is  necessary  to  ventilate  freely,  apply  little  or  no 
water  to  the  foliage,  and  keep  down  the  moisture  in  the 
atmosphere  to  the  lowest  degree,  in  order  to  hold  mildews  and 
Anthracnose  in  check. 

Bacterial  Disease  of  Lettuce. 

Our  attention  has  been  called  at  different  times  to  an  un- 
described  bacterial  disease  of  lettuce,  which  is  reported  as 
causing  considerable  damage  in  some  localities.  This  disease 
has  been  observed  in  our  greenhouse  for  many  years,  and 
during  the  year  1901  Mr.  Percival  C.  Brooks,  then  a  member 
of  the  senior  class  in  botany,  investigated  this  problem.  He 
succeeded  in  isolating  an  organism  from  a  diseased  lettuce 
plant,  and  obtained  positive  results  from  his  inoculation  ex- 
periments with  healthy  plants. 

The  disease  in  question  has  never  been  observed  by  us  in 
this  State  except  in  our  own  house,  notwithstanding  the  fact 
that  Ave  have  for  many  years  had  occasion  to  carefully  study 
the  various  lettuce  crops  in  the  State,  and  have  constantly  been 
on  the  lookout  for  it.  Xeither  has  careful  inquiry  brought  to 
light  any  trace  of  a  similar  affection  in  lettuce  houses  in 
Massachusetts.  Since  the  disease  occurred  in  our  lettuce 
house  on  crops  which  had  been  forced  too  rapidly,  it  was 
considered  of  little  consequence  and  was  given  scarcely  any 
attention,  inasmuch  as  we  thought  the  trouble  arose  from 
improper  management  of  the  crop.  Our  only  purpose  in  call- 
ing attention  to  this  disease  at  the  present  time  is  that  it  is 
reported  as  doing  considerable  damage  elsewhere,  particularly 
in  the  south,  which  makes  it  desirable  that  we  should  be  on 
the  lookout  for  it.  The  disease  results  in  the  appearance  of 
numerous  small  brownish  spots  about  the  size  of  a  pin-head 
on  the  young  and  tender  light-colored  leaves  of  the  head.  The 
spots  are  frequently  quite  numerous,  and  in  some  cases  run 
together,  causing  a  destruction  of  a  portion  of  the  leaves  of 
the  head.  Xo  attempt  was  made  by  Mr.  Brooks  to  make  any 
extensive  study  of  the  organisms  causing  the  disease,  since  at 
that  time  it  was  believed  to  be  of  little  consequence,  and  only 
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an  accompaniment  of  too  rapid  forcing.  In  some  localities, 
particularly  farther  south,  we  hear  different  reports  concern- 
ing its  prevalence. 

Bacteriosis  of  Geraniums. 

In  a  previous  publication  of  this  station  a  short  note  was 
made  of  a  bacterial  disease  of  geraniums  occurring  in  this 
State.1  Since  that  time  we  have  made  yearly  observations 
on  the  prevalence  of  this  disease  in  various  sections.  It  has 
appeared  every  year  since  it  was  first  noted  here  in  1898,  and 
has  also  been  reported  from  various  other  sections  of  the 
United  States  within  recent  years. 

Our  observations  have  shown  that  it  has  frequently  been 
abundant  and  generally  distributed,  so  much  so  at  times  that 
gardeners  have  been  more  or  less  concerned  about  it.  We 
have  also  noticed  this  disease  in  greenhouses  each  year,  it 
having  apparently  been  brought  in  with  out-door  stock,  al- 
though it  does  not  appear  to  be  serious  under  glass.  Our 
observations  have  shown  that  the  trouble  is  more  frequently 
found  on  plants  exposed  to  bright  sunshine  than  on  those 
growing  in  shade,  and  is  evidently  more  severe  farther  south, 
where  the  light  is  more  intense  than  in  Massachusetts.  Gera- 
niums require  comparatively  little  light  for  their  best  devel- 
opment, and  a  strong  light  may  favor  the  development  of  this 
disease. 

The  disease  affects  the  leaves,  causing  spots  to  appear  on 
them.  The  spots  are  often  numerous  and  sometimes  coalesce, 
which  causes  the  diseased  portions  to  dry  up  and  turn  brown. 
The  spots  are  about  one-eighth  of  an  inch  in  diameter,  and 
resemble  blisters.  No  other  portion  of  the  plant  is  affected. 
Examination  of  a  large  number  of  diseased  sections  shows 
only  a  few  bacteria  present  in  the  tissues  except  in  those  cells 
bordering  on  the  outer  portions  of  the  spots. 

The  geranium  is  a  very  hardy  plant,  and  one  of  the  freest 
from  disease.  No  attempt  has  been  made  to  treat  this  disease, 
to  our  knowledge,  and  should  it  become  more  troublesome 
some  remedy  for  it  will  have  to  be  discovered. 


i  Tenth  annual  report,  Hatch  Experiment  Station,  1808,  page  67. 
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Tobacco  Troubles. 

Some  troubles,  due  to  methods  of  handling  tlie  crop,  occa- 
sionally occur  on  tobacco  growing  in  the  Connecticut  valley. 
Instances  have  been  known  for  years  where  the  crops  have 
been  set  back  by  the  use  of  certain  fertilizers  and  methods  of 
applying  them.  Tobacco,  corn  and  other  crops,  moreover, 
show  a  tendency  to  stand  still  or  make  little  growth  on  soil 
in  which  there  is  an  overabundance  of  moisture. 

Our  attention  has  been  called  to  a  tobacco  trouble  which 
appears  to  be  caused  by  the  use  of  fertilizer.  In  one  partic- 
ular field  which  we  examined  the  roots  of  the  plants  had  all 
the  characteristic  symptoms  of  fertilizer  burning,  and  careful 
examination  failed  to  reveal  any  fungi  associated  with  this 
trouble.  The  tap  roots  of  all  the  plants  which  we  examined 
had  been  destroyed,  and  new  secondary  roots  had  developed 
freely  on  the  injured  end  of  the  tap  root.  These  were  en- 
deavoring to  penetrate  to  the  lower  strata  of  the  soil,  and 
would  in  turn  become  burned  on  the  tip  before  reaching  any 
great  distance. 

The  effect  on  the  crop  manifested  itself  in  a  stunted  growth, 
the  plants  remaining  in  this  condition  for  weeks.  When 
plants  affected  with  this  trouble  were  removed  to  other  soils 
they  would  in  all  cases  make  rapid  growth.  Even  in  the  field 
where  the  trouble  occurred  they  would  reach  a  fair  degree 
of  maturity  at  the  time  of  harvesting.  There  appears  to  be 
absolutely  no  connection  between  this  trouble  and  the  seed 
bed,  since  other  fields  close  by  were  planted  from  this  seed 
bed,  and  not  the  slightest  evidence  of  the  trouble  was  to  be 
seen.  Moreover,  it  occurs  on  new  tobacco  land  as  well  as  on 
old.  It  was  as  severe  on  land  which  had  been  planted  this 
year  for  the  first  time  as  it  was  on  old  land. 

The  trouble  apparently  seems  to  have  no  inclination  to 
spread,  since  a  field  only  ten  or  twelve  feet  away  from  the 
infected  one,  planted  with  seedlings  from  the  same  seed  bed, 
showed  no  trace  of  it.  It  is  much  more  conspicuous  in  low 
places  which  receive  drainage  from  the  surrounding  soil  than 
on  the  drier  knolls. 

At  present,  at  any  rate,  the  trouble  must  be  attributed  to 
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mistakes  in  fertilizing,  since  no  fungi  are  associated  with  it; 
and  the  only  difference  between  the  cultivation  of  this  partic- 
ular crop  in  which  the  trouble  occurred  and  other  surrounding 
ones,  some  of  which  had  been  planted  from  the  same  seed  beds, 
consisted  in  the  methods  of  fertilizing. 

Monuja  ox  Peach  Stem. 

For  a  number  of  years  we  have  received  peach  twigs  in  this 
department  which  have  been  conspicuously  spotted.  The  spots 
appear  on  one-year-old  wood,  and  are  of  an  ash  or  greyish 
color  in  the  center,  with  a  more  highly  colored,  generally 
purple  margin.  Examination  of  these  spots  has  invariably 
revealed  the  presence  of  a  species  of  Monilia  which  extends 
scarcely  below  the  epidermis.  Occasionally  the  spores  of 
Cladosporium  are  to  be  found,  but  by  no  means  frequently. 
Some  years  the  spotting  appears  to  be  much  more  common 
than  others,  and  there  is  generally  little  difficulty  in  finding 
it  in  orchards  during  such  periods.  Cultures  from  the  spots 
have  always  produced  Monilia.  Mr.  F.  A.  Bartlett,  now  of 
Hampton  Institute,  Hampton,  Va.,  and  formerly  a  senior  in 
our  laboratory,  during  the  year  1905  made  many  isolations 
and  cultures  of  this  fungus.  He  was  not  able  to  complete  his 
studies  of  the  fungus,  but  from  his  observations  it  would 
appear  that  a  species  of  Monilia  was  the  sole  cause  of  this 
spotting.  Mr.  Bartlett  thus  verified  observations  which  had 
been  previously  made  by  my  former  assistant,  Prof.  R.  E. 
Smith,  and  myself.  From  Mr.  Bartlett's  various  cultures  it 
would  appear  that  the  spores  of  Monilia  causing  this  spotting 
to  peach  twigs  are  not  the  same  as  those  occurring  on  the  fruit 
(Oidium  frudigenum)1  but  is  a  different  species,  possessing 
smaller  spores,  and  otherwise  differing  from  the  species  attack- 
ing the  fruit  of  the  peach,  etc. 

There  are  various  Monilia  and  Cladosporium  troubles 
which  affect  the  peach  described  in  experiment  station  publi- 
cations and  foreign  pathological  journals,  all  of  which  appear 
to  differ  from  this  one  in  its  effect  upon  twigs. 

We  hope  to  make  further  investigations  of  this  trouble,  and 
in  the  meanwhile  it  may  be  mentioned  that  where  the  lime 


l  Oidium  fructi genu m,  Kze.  &  Schm. 
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and  sulfur  treatment  has  been  applied  to  peach  trees  for  the 
San  Jose  scale  not  the  slightest  trace  of  this  spotting  can  be 
found,  showing  that  this  mixture  has  a  very  repressive  in- 
fluence upon  the  fungus. 

The  Lime  and  Sulfur  Mixture  as  a  Fungicide. 

The  increased  activity  of  the  San  Jose  scale  during  the  past 
two  years  has  resulted  in  more  attention  being  paid  to  the 
spraying  of  orchards.  This  has  been  the  means  of  reducing 
very  perceptibly  many  of  the  troubles  to  which  orchards  are 
subject.  Our  examinations  of  a  number  of  orchards  during 
the  past  summer  which  had  been  sprayed  with  the  lime  and 
sulfur  mixture  have  convinced  us  that  this  mixture  is  one 
of  the  most  reliable  fungicides  known  for  the  suppression  of 
certain  fungous  diseases.  It  is  especially  applicable  for  the 
control  of  such  diseases  as  the  peach  leaf  curl,  as  has  been 
previously  pointed  out  by  many  observers.  It  is  equally 
valuable  in  the  treatment  of  Monilia  and  Cladosporiuin,  which 
occasionally  attack  the  stem. 

The  large  and  exceedingly  well-cared-for  orchard  of  Mr. 
Elbert  Bliss  of  Wilbraham  offers  one  of  the  best  examples 
of  the  efficiency  of  the  San  Jose  mixture  as  a  fungicide.  His 
orchard,  which  covers  many  acres,  was  absolutely  free  from 
any  blemish  due  to  fungi,  both  as  regards  foliage  and  wood. 
The  college  orchard,  which  was  sprayed  for  the  San  Jose 
scale  with  the  lime  and  sulfur  mixture,  has  been  remarkably 
free  from  fungous  troubles  during  the  past  season.  Our 
observations  of  other  orchards  have  seemed  to  indicate  that 
spraying  with  the  lime  and  sulfur  mixture  succeeds  in  con- 
trolling to  some  extent  canker,  pear  blight,  black  knot  and 
other  diseases.  We  have  frequently  advocated  early  spring 
spraying  of  trees  before  the  leaves  appear,  with  a  solution 
of  copper  sulfate  at  the  rate  of  1  pound  to  50  gallons  of  water, 
as  we  maintain  that  many  of  the  common  blights  are  more 
successfully  prevented  by  this  spraying  than  by  later  ones. 
It  has  been  shown  that  early  spraying  with  copper  sulfate 
has  been  successful  in  holding  in  check  the  black  knot  of  the 
plum. 

The  San  Jose  scale  may  prove  in  more  than  one  way  a 
"  blessing  in  disguise." 
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Potato  Spraying  Expebiments. 

A  large  field  of  potatoes  on  the  college  farm  was  used  for 
experiments  in  spraying  the  past  season.  The  field  was 
located  on  the  west  slope  near  the  farm  ham,  and  included 
seven  acres.  The  following  varieties  were  planted:  Early 
Harvest,  Early  Michigan,  Carmen  Xumber  Three,  Green 
Mountain  and  Delaware.  These  were  planted  in  rows  run- 
ning lengthwise  of  the  field.  The  experiment  was  carefully 
planned  as  regards  varieties,  conditions  of  the  soil,  etc.,  and 
running  parallel  to  each  of  the  various  treated  rows  were  left 
untreated  ones  for  the  purpose  of  comparison. 

As  there  was  some  delay  in  obtaining  the.  spraying  mix- 
tures, the  whole  field,  including  the  checked  plants,  was 
sprayed  once  with  Paris  green  for  the  potato  beetle.  In  sub- 
sequent sprayings  the  following  mixtures  were  used:  wet 
Bordeaux  containing  Paris  green,  dry  Bordeaux,  copper 
phosphate  and  a  mixture  termed  "  1 — 2 — 3."  The  wet 
Bordeaux  was  made  according  to  the  standard  formula 
(4 — 1 — 50).  The  other  mixtures  were  proprietary  sub- 
stances, and  were  furnished  by  the  Bowker  Insecticide  Com- 
pany, which  to  our  personal  knowledge  has  always  taken 
great  pains  to  place  on  the  market  only  the  most  reliable 
fungicides  and  insecticides.  The  "  1 — 2 — 3  "  contained 
compounds  of  copper,  arsenic  and  lime.  The  dates  of  the 
three  applications  were  July  3,  7,  and  12,  no  spraying  being 
done  after  the  latter  date,  on  account  of  the  luxuriant  growth 
of  the  tops,  which  prevented  access  to  the  field  without  damage 
to  the  crop.  The  copper  phosphate,  dry  Bordeaux  and 
"  1 — 2 — 3  "  are  all  dust  sprays,  and  were  applied  early  in 
the  morning  with  a  dust  sprayer,  when  dew  covered  the 
foliage.  The  effects  of  spraying  on  this  crop  were  carefully 
observed  by  various  members  of  the  station  staff,  together 
with  Mr.  Forristall,  who  supervised  all  the  work,  and  made 
most  careful  observations  as  to  the  effects  of  the  different 
sprays. 

At  the  close  of  the  experiments  corresponding  rows  of  the 
treated  and  untreated  plants  were  dug,  the  potatoes  carefully 
weighed  by  Mr.  Forristall,  and  the  results  tabulated.  The 
yields  given  by  the  various  treatments  are  as  follows :  — 
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Average  Yield  of  Sprayed  Potatoes, 


Treatment. 

Average  Yield 
(Pounds). 

55.98 

58.11 

52.34 

These  results  show  no  differences  in  the  yield  which  can  be 
ascribed  to  spraying.  Observations  on  the  condition  of  the 
crop  during  the  summer  did  not  show  any  material  differences 
except  in  the  case  of  the  wet  Bordeaux  treatment,  which  was 
perceptibly  suj>erior  in  all  respects  to  the  others,  at  least  dur- 
ing the  greater  part  of  the  season.  The  plants  treated  with 
wet  Bordeaux  possessed  the  darkest-colored  foliage,  and  were 
by  far  the  most  free  from  the  flea  beetle.  The  season  was 
remarkably  free  from  potato  blights,  the  only  thing  occurring 
of  any  consequence  being  the  flea  beetle ;  and,  with  the  excep- 
tion of  the  wet  Bordeaux,  which  contained  Paris  green,  there 
appeared  to  be  little  or  no  difference  between  the  treated  rows 
and  those  untreated.  At  the  time  the  potatoes  were  dug  there 
was  no  perceptible  difference  to  be  observed  between  any  of 
the  rows.  Owing  to  the  season's  comparative  freedom  from 
blight,  little  or  no  value  can  be  placed  upon  these  experiments. 

The  ease  with  which  dust  sprays  can  be  applied  makes  the 
process  of  spraying  less  tedious,  and  a  dust  spray  which 
possesses  the  merits  of  other  reliable  sprays  on  the  market 
would  be  gladly  received.  However,  careful  tests  of  the  rela- 
tive merits  of  the  wet  and  dry  sprays  indicate  that  the  wet 
Bordeaux  is  superior  in  all  cases  to  the  dry. 

Our  potato  growers  should  realize  that  the  conditions  in 
this  State  are  entirely  different  from  those  in  Vermont  and 
Maine,  and  the  spraying  calendar  recommended  for  those 
States  is  unsuited  to  our  conditions,  since  their  spraying  is 
largely  devoted  to  the  control  of  the  late  blight,  which  is 
not  generally  severe  here.  On  the  other  hand,  it  is  the  early 
blight,  according  to  our  experience,  which  does  the  most  dam- 
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age  in  Massachusetts;  and  in  order  to  prevent  attacks  from 
this,  farmers  should  commence  to  spray  when  the  potatoes 
are  not  more  than  one-fourth  grown,  which  would  ordinarily 
be  about  the  20th  of  June.  Much  of  the  injury  to  potatoes 
is  due  to  the  flea  beetle,  which  affects  them  in  a  manner  sim- 
ilar to  the  early  blight. 

We  believe  that  a  first  spraying  of  potatoes  should  be  made 
with  Bordeaux  and  "  Disparene,"  instead  of  Paris  green, 
since  "  Disparene  99  is  a  reliable  insecticide,  while  Paris  green 
is  not,  at  the  present  time. 

CoprER  Sulfate  Treatment  of  Stagnant  Water. 

In  a  previous  report  we  gave  the  results  of  a  copper  sulfate 
treatment  of  the  college  pond.1  This  pond  is  located  on  the 
college  grounds,  and  contains  about  8,000,000  gallons  of 
water;  it  is  quite  shallow  and  has  a  muddy  bottom.  The 
amount  of  water  which  it  receives  during  the  summer  months 
is  not  sufficient  to  cause  a  very  constant  overflow,  and  partly 
for  this  reason  it  occasionally  becomes  stagnant.  There  is 
also  some  pollution  from  cesspools  which  drain  into  it,  and 
during  freshets  considerable  amounts  of  fine  sand,  silt  and 
clay  are  carried  into  the  pond.  Much  of  this  silt,  etc.,  re- 
mains in  suspension  for  a  long  time,  giving  the  water  a  yellow- 
ish tinge  and  roily  appearance.  Evaporation  tests  show  that 
the  water  contains  45.6  parts  sediment  to  10,000  parts  of 
water.  During  June  the  water  usually  has  a  disagreeable 
odor  and  becomes  quite  obnoxious.  This  odor  is  similar  to 
that  which  rises  from  frog  ponds  where  considerable  decom- 
position takes  place,  and  at  other  times  it  has  the  odor  which 
is  characterized  as  "  fishy." 

The  pond  has  f roqnemTy  been  drained,  which  is  responsible 
for  stimulating  growths  of  algae,  particularly  Spirogyra,  and 
for  the  past  few  years  Anabsena  has  been  present  in  greater 
or  less  amounts.  It  should  be  stated  at  the  outset  that  our 
object  in  treating  the  pond  was  not  to  clear  up  points  of 
controversy  in  connection  with  the  copper  sulfate  method  of 
treatment  ;  it  was  done  largely  to  obviate  a  nuisance. 

That  copper  sulfate  has  an  effect  upon  algae  has  been  known 


i  Eighteenth  annual  report,  Hatch  Experiment  Station,  1906,  pages  143-146. 
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to  physiologists  for  many  years;  but  the  treatment  of  large 
volumes  of  water  with  this  chemical  is,  so  far  as  we  know, 
comparatively  recent.  Those  who  wish  to  become  familiar 
with  the  more  technical  features  of  this  subject  are  referred 
to  the  older  literature,  much  of  which  is  in  German,  and  to 
the  more  recent  publications  of  the  United  States  Department 
of  Agriculture  and  our  own  State  Board  of  Health. 

The  treatment  given  during  1900  was  similar  to  that  of 
1905,  and  consisted  in  applying  l  part  of  copper  sulfate  to 
4,000,000  of  water.  The  copper  sulfate  was  placed  in  a 
coarse  bag  attached  to  a  canoe,  which  followed  concentric 
circles  over  the  pond  until  the  copper  sulfate  was  all  dissolved. 
Samples  of  water  were  taken  daily  for  bacterial  examination 
a  few  days  before  treatment  and  each  day  after  until  July 
19,  when  the  experiment  was  discontinued.  The  usual  bac- 
terial methods  were  employed,  with  the  following  results :  — 

Table  showing  the  Besidts  of  treating  the  College  Pond  with  Copper 
Sulfate  at  the  Rate  of  1  Part  of  Copper  Sulfate  to  4,000,000 
of  Water.    (Treated  June  14,  1906.) 


[Number  of  bacteria  per  c.  c.  of  water.] 


.  7,0051 

11,   .    .  . 

.  6,0341 

28, 

.  7,1581 

14,  . 

1302 

July  1, 

.  1,365 

.  1,231 

156 

4, 

.  1,231 

.  341 

9, 

.  1,000 

13,  ... 

.  1.20S 

22 

.  1,000 

lfs      .     .  . 

.  1,275 

17,  ... 

768 

i  Before  treatment. 

s  Oue  bour  after  treatment. 


3  Two  hours  alter  treatment. 

*  Twenty- four  hours  after  treatment. 
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The  number  of  bacteria  per  cubic  centimeter  showed  a 
decided  falling  off  after  the  treatment,  but  subsequently  an 
increase  was  noticed,  although  the  number  did  not  equal  that 
present  before  treatment.  The  first  bacterial  examination  of 
the  water  occurred  one  and  two  hours  respectively  after  treat- 
ment, at  wfhich  time  there  was  noted  considerable  decrease 
in  the  number  of  organisms.  It  seems  hardly  creditable, 
however,  that  the  copper  could  have  been  sufficiently  diffused 
in  the  pond  to  cause  such  a  rapid  decrease  in  the  number  of 
the  bacteria  in  so  short  a  time.  Some  Anabeena  were  present 
in  the  pond  previous  to  treatment,  but  none  was  observed 
directly  afterwards ;  neither  were  any  Spirogyra  noted  either 
before  or  after  treatment.  On  the  other  hand,  there  were 
various  forms  of  life,  such  as  Daphnia,  etc.,  present,  both 
before  and  after  treatment.  Xo  chemical  analyses  of  the 
water  were  attempted,  since  the  ordinary  methods  of  analysis 
are  not  especially  valuable  in  detecting  slight  traces  of  copper 
in  water.  It  would  appear  from  the  culture  of  seedlings  in 
glass  vessels  containing  water  and  sand  in  which  copper  is 
present,  and  from  the  results  of  chemical  analyses  of  the 
mud  in  the  bottom  of  the  reservoir,  that  a  large  amount  of 
copper  is  taken  up  by  this  mud.  The  results  of  copper  treat- 
ment of  the  pond  in  1905  and  190G  show  that  the  bacteria 
never  regained  their  former  numbers. 

In  a  pond  like  this  one,  which  is  more  or  less  polluted  from 
cesspools,  one  would  naturally  infer  that  bacteria  would  in- 
crease rapidly  after  a  few  days.  During  August  the  pond 
was  in  an  even  worse  condition  than  in  June,  as  a  large  num- 
ber of  dead  fish,  termed  "  suckers,"  which  had  died  from  some 
unknown  cause,  were  floating  on  the  surface.  Again  during 
October  there  was  a  fairly  luxuriant  growth  of  Anabama 
present  for  a  few  days,  but  this  disappeared  quickly,  presum- 
ably on  account  of  the  rather  cold  nights  which  occurred  at 
that  time. 

At  the  time  the  treatment  was  under  way,  parallel  labora- 
tory tests  were  made.  For  this  purpose  we  employed  18 
liters  of  water  from  the  college  pond  in  two  rectangular  jars, 
there  being  9  liters  in  each  jar,  one  of  which  was  treated  with 
copper  sulfate  at  the  rate  of  1  part  of  the  sulfate  to  4,000,000 
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of  water,  while  the  other  jar  was  left  untreated.  The  jars 
were  placed  side  by  side  in  the  laboratory,  and  exposed  to 
the  organisms  of  the  air.  The  water  was  taken  from  the 
pond  previous  to  its  being  treated.  The  results  of  the  experi- 
ments are  shown  in  the  following  table :  — 

Table  showing  the  Results  of  treating  Pond  Water  with  Copper  Sulfate 
at  the  Hate  of  1  Part  of  Copper  Sulfate  to  4,000,000  of  Water. 
(Experiment  made  in  Laboratory,  in  Glass  Aquaria  Jars.) 
[Number  of  bacteria  per  c.  c.  of  water.] 


Pond  Water 
untreated. 

Pond  Water 
treated. 

7,158 

30 1 

5,723 

15 

16  

4,849 

38 

4,849 

32 

4,444 

24 

6,188 

31 

7,927 

43 

6,112 

•  59 

4,772 

m 

6,362 

120 

5,313 

54 

6,273 

134 

7,004 

126 

27 

6,927 

9S 

8,282 

170 

242 

6,419 

310 

7,004 

270 

Q 

7,409 

298 

8,107 

340 

4  

6,792 

930 

7,972 

872 

10,168 

800 

6,412 

1,060 

6,988 

1,000 

7,399 

940 

6,034 

946 

8,632 

1,800 

10,656 

1,240 

One  hour  after  treatment. 
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The  results  shown  in  this  experiment  coincide  in  a  general 
way  with  those  of  the  previous  one.  They  are,  however,  of 
more  value,  since  they  show  the  bacterial  flora  of  the  normal 
or  untreated  pond  water. 

It  will  be  noted  that  the  number  of  bacteria  in  the  untreated 
pond  water  remained  quite  constant  throughout  the  experi- 
ment, while  the  water  treated  with  copper  sulfate  showed  the 
same  general  decrease  in  the  number  of  bacteria.  The  sub- 
sequent increase  in  the  number  of  bacteria  in  the  treated  water 
in  the  laboratory  experiment  was  smaller  than  that  shown  by 
the  pond  experiment.  Furthermore,  a  comparison  of  the  two 
jars  in  the  laboratory  experiments  showed  that  the  water  in 
the  treated  jar  was  much  clearer,  owing  to  the  fact  that  most 
of  the  forms  of  living  matter  had  been  killed  and  had  settled 
to  the  bottom  of  the  jar.  This  was  proved  by  the  much  larger 
amount  of  sediment  in  the  bottom  of  the  treated  jar  than  in 
the  untreated. 

Large  bodies  of  water  can  be  successfully  treated  with  cop- 
per sulfate,  and  many  undesirable  forms  of  organisms  elim- 
inated. The  copper  sulfate  treatment,  moreover,  appears  to 
exert  an  influence  upon  the  bacterial  flora  for  quite  a  length 
of  time ;  but  after  a  certain  period  has  elapsed  a  body  of  water 
may  become  as  badly  contaminated  with  various  forms  of 
living  matter  as  before,  or  even  worse. 

The  location  of  the  college  pond  is  such  that  no  harm  could 
result  in  any  way  from  a  treatment  with  copper  sulfate,  even 
though  some,  of  the  copper  escaped.  Precautions,  however, 
must  be  exercised  in  treating  bodies  of  water ;  and  the  safest 
method  to  follow,  in  case  such  treatment  is  necessary,  would 
be  to  consult  our  State  Board  of  Health  or  others  familiar 
with  this  subject. 

Banding  Substances  for  Trees. 
In  connection  with  the  renewed  warfare  against  the  gypsy 
and  brown-tail  moths,  a  number  of  new  banding  substances, 
which  are  claimed  to  be  effectual  as  insect  barriers  and  harm- 
less to  trees,  have  been  placed  on  the  market  within  a  year  or 
so.  These  substances  are  sold  under  various  names  and  at 
varying  prices,  and  they  are  quite  dissimilar  in  their  chemical 
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composition  and  in  the  effects  produced  on  trees.  Any  sub- 
stance which  is  likely  to  cause  even  the  slightest  injury  when 
applied  to  trees  should  not  be  employed,  and  when  such  sub- 
stances actually  cause  the  death  of  trees,  it  becomes  a  gross 
offence  to  apply  them  to  public  shade  trees. 

At  the  request  of  William  B.  de  las  Casas,  Esq.,  chairman 
of  the  Metropolitan  Park  Commission,  the  writer  made  an 
examination  during  the  summer  of  1905  of  a  large  number 
of  trees  located  in  Middlesex  Fells  and  other  districts  around 
Boston,  with  a  view  to  determining  the  effects  of  the  various 
so-called  banding  substances  on  trees. 

In  addition  to  our  numerous  examinations  of  the  effects  of 
these  various  substances  on  trees,  we  have  tested  a  great  many 
in  a  critical  way  on  small  plants.  Our  conclusions  relating 
to  the  effects  of  the  substances  are  based  upon  a  larger  number 
of  observations,  together  with  numerous  tests  on  stems,  leaves, 
etc.,  of  a  variety  of  herbaceous  plants.  Any  substance  which 
causes  injury  to  herbaceous  plants  may  also  produce  the 
same  effect  on  trees,  although  the  time  necessary  to  produce 
injury  to  herbaceous  plants  is  brief  compared  to  that  necessary 
to  give  rise  to  corresponding  results  in  a  tree. 

A  good  banding  substance  should  not  cause  the  slightest 
injury  to  trees,  or  even  to  tender  tissues.  It  should  not 
harden  at  low  temperature,  neither  should  it  melt  at  compara- 
tively high  temperature.  It  should  be  inconspicuous  when 
applied  to  the  tree,  and  easily  put  on  and  removed,  and  should 
remain  sticky  during  the  entire  season. 

Tanglefoot.  —  This  material  is  now  extensively  used,  and 
is  a  semi-transparent,  sticky  substance,  not  affected  by  1owt 
temperature  (32°  P.)  or  by  temperatures  under  125°  or 
130°  P.  Its  principal  bases  are  probably  castor  oil,  resin 
and  wax,  which  are  substances  harmless  to  vegetable  tissue; 
and,  whatever  the  other  constituents  of  this  banding  substance 
may  be,  they  do  not  render  it  harmful  to  trees.  Tanglefoot 
applied  to  a  large  number  of  plants  possessing  a  thin  epi- 
dermis has  never  caused  any  injury.  In  short,  this  is  the  only 
substance  which  wTe  have  met  which  stands  all  the  tests  a 
perfectly  harmless  banding  material  should  when  applied 
directly  to  plant  tissue. 
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Bodlime.  —  This  is  the  proprietary  name  of  a  substance 
resembling  Raupenleim,  a  European  product,  and  both  have 
been  on  the  market  for  some  years.  Bodlime  is  an  American 
preparation,  and  has  been  used  extensively  for  some  time. 
The  directions  which  are  furnished  with  Bodlime  advise  first 
putting  a  band  of  tarred  or  sheathing  paper  eight  inches  wide 
on  young  or  thin-bark  trees,  and  then  applying  Bodlime  to 
the  band.  Over  90  per  cent.,  however,  of  the  trees  examined 
by  us  last  summer  on  which  Bodlime  had  been  applied  were 
those  of  the  smooth-bark  type,  ranging  from  two  inches  to 
two  feet  in  diameter,  and  in  no  instances  were  tarred  or 
sheathing  paper  bands  applied.  In  practically  all  cases  this 
substance  had  penetrated  the  bark  and  injured  the  cambium 
layer.  This  injury,  however,  is  in  all  probability  not  suffi- 
cient to  kill  the  trees  in  every  case ;  but  more  or  less  prominent 
effects  will  be  left  on  the  trees  for  some  years,  as  evidence  of 
the  injury  due  to  Bodlime.  Some  specimens  of  trees  six 
inches  in  diameter  were  pointed  out  which  were  killed  with 
Bodlime ;  and  practically  all  the  Carolina  poplars  located  on 
the  Fellsway,  .Maiden,  which  have  been  treated  with  this  sub- 
stance, showed  much  injury  to  the  cambium  layer,  resulting 
in  prominent  swellings  on  the  trees  where  this  substance  had 
been  applied. 

A  number  of  small  white  maples  (two  or  three  inches  in 
diameter),  which  had  been  treated  with  Bodlime,  appeared 
in  two  or  three  weeks  to  have  an  abnormal  cambium  layer, 
due  to  the  penetration  of  the  substance  to  the  vital  tissue. 
In  all  these  cases  Bodlime  was  applied  directly  to  the  trees, 
without  paper  bands.  It  should  be  noted,  however,  that  the 
manufacturers  never  intended  that  it  should  be  applied  to 
small  or  smooth-bark  trees  without  first  banding  with  tarred 
or  sheathing  paper,  and  the  directions  specifically  state  this. 
When  this  is  applied  to  large  trees,  however,  without  paper 
banding,  it  generally  causes  some  subsequent  slight  disfigura- 
tion of  the  tree.  We  believe,  however,  that  Bodlime  consti- 
tutes a  reliable  banding  substance,  and  can  be  applied  to  trees 
if  the  directions  of  the  manufacturers  are  followed,  —  to 
first  put  on  a  band  of  tarred  or  sheathing  paper.  It  should 
by  no  means  be  considered  a  reflection  on  the  manufacturers 
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if  people  will  persist  in  ignoring  the  proper  directions  for 
applying  the  substance,  as  there  is  scarcely  a  remedy  on  the 
market  which  will  not  produce  injurious  effects  if  used  in- 
judiciously. 

Anti-Moth.  —  This  substance  was  used  considerably  in  the 
summer  of  1905  as  a  tree-banding  material.  It  is  a  dark- 
colored,  pasty  substance,  suggestive  of  wheel  grease,  and  is 
applied  directly  to  the  bark.  There  were  many  instances 
observed  where  it  was  causing  injury  by  soaking  through  the 
large,  thick,  rough-bark  trees,  as  well  as  small,  thin-bark  ones. 
The  trees  which  came  under  our  notice  had  been  treated  only 
a  few  weeks  with  this  substance,  but  our  observations  were 
sufficient  to  show  that  this  constitutes  a  dangerous  substance 
to  apply  directly  to  the  bark  of  trees.  Various  small 
herbaceous  plants  banded  with  Anti-Moth  died  in  a  few  days. 

Eureka  Tree  Paste.  —  This  substance  as  a  banding  ma- 
terial is  not  so  universally  employed  as  those  previously 
mentioned,  therefore  our  observations  were  limited  in  regard 
to  its  effects  on  trees.  Moreover,  this  material,  at  the  time  our 
observations  were  made,  had  been  on  trees  for  only  a  brief 
period  of  time,  consequently,  the  ultimate  effects  on  the  trees 
have  not  been  observed  by  us.  This  substance  resembles  Anti- 
Moth,  and  is  applied  in  the  same  manner.  From  the  nature 
of  the  material,  and  its  effects  upon  the  stems  of  herbaceous 
plants,  it  cannot  be  recommended  as  a  safe  banding  substance. 
Our  experiments  on  herbaceous  plants  show  that  it  is  equally 
as  injurious  as  the  substance  previously  mentioned. 

Raupenleim  and  Dendrolene.  —  These  have  been  used  as 
banding  materials,  although  we  have  seen  no  authentic  in- 
stances where  they  have  been  applied  to  trees  in  the  vicinity 
of  Boston  during  the  past  year.  Eaupenleim  is  a  well-known 
German  banding  material,  and  Bodlime  is  supposed  to  be  in 
many  respects  similar  to  it.  Both,  as  far  as  we  can  learn, 
have  about  the  same  effects  on  vegetable  tissue;  that  is,  they 
injure  it.  Eaupenleim  was  previously  used  by  the  Gypsy 
Moth  Commission  in  large  quantities.  Dendrolene  is  an 
American  product,  apparently  similar  to  Raupenleim  in  every 
way,  both  being  crude  petroleum  product  s. 

Razzle  Dazzle.  —  During  the  past  year  our  attention  has 
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been  called  to  the  use  of  a  banding  substance  termed  Razzle 
Dazzle,  which  has  been  employed  to  some  extent  on  trees. 
This  substance  was  sent  in  to  us  from  one  of  the  towns  in 
the  vicinity  of  Boston,  with  the  report  that  it  was  doing 
damage  to  trees.  We  made  a  test  of  the  substance  on  various 
herbaceous  plants,  and  found  that  it  killed  them  in  a  very 
short  time.  The  substance  appears  to  be  made  of  resin,  castor 
oil  and  some  other  oil-like  petroleum  which  is  injurious  to 
vegetable  tissue.  We  found  that  Razzle  Dazzle  has  altogether 
too  low  a  melting  point.  It  commenced  to  run  at  about  90°  F., 
and  flowed  freely  at  100°  F. 

Bug  Stop.  —  This  substance  is  apparently  made  out  of 
resin,  oil  and  some  form  of  grease,  which  causes  injury  to 
vegetable  tissue.  We  found  on  testing  this  that  it  was  very 
similar  in  its  effects  on  tissue  to  Razzle  Dazzle,  and  has  a 
melting  point  ranging  from  79°  to  94°  F.  Besides  the  in- 
jurious effects  which  it  has  on  vegetable  tissue,  it  has  a  melt- 
ing point  entirely  too  low  to  make  it  a  desirable  banding 
substance. 

Printers  Ink  and  Tarred  Paper.  —  Printer's  ink  applied 
to  tarred  paper  has  been  used  to  some  extent  for  many  years 
as  a  banding  substance,  and  no  ill  results  arising  from  its  use 
have  met  our  observation.  We  find  this  substance  used  ex- 
tensively in  the  city  of  Medford  on  General  Lawrence's  estate. 

Other  Injurious  Substances.  — In  one  of  the  cities  in  the 
neighborhood  of  Boston  crude  petroleum  or  gas  oil,  such  as  is 
used  in  the  manufacture  of  water  gas,  has  been  extensively 
used  in  spraying  the  trunks  of  trees  for  the  purpose  of  kill- 
ing gypsy  moth  eggs.  This  substance  penetrates  the  bark 
very  readily,  and  kills  the  vital  layer.  There  are  numerous 
instances  where  trees  have  been  completely  girdled,  and  have 
died  in  a  very  short  time  from  the  use  of  this  substance. 

Gas  oil  and  creosote  are  used  extensively  for  treating  gypsy 
moth  nests,  and  when  mixed  with  lampblack  they  appear  to 
cause  little  or  no  injury.  Both  of  these  substances  are  capable 
of  causing  injury  to  plants,  either  when  used  alone  or  when 
mixed  with  lampblack.  We  have  not  discovered  any  injury 
to  trees  from  the  use  of  these  substances,  however,  when  mixed 
with  lampblack  and  used  as  a  paint  for  the  treatment  of  gypsy 
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moth  egg  clusters.  In  one  instance,  where  creosote  and  naph- 
tha were  applied  with  an  atomizer  to  the  trunks  of  trees  cov- 
ered with  gypsy  caterpillars,  at  the  rate  of  1  part  of  creosote 
and  5  parts  of  naphtha,  the  bark  was  rendered  brittle  and  life- 
less. At  the  time  our  examinations  were  made  on  these  trees 
no  injury  had  occurred  to  the  cambium  layer,  but  we  should 
suspect  that  injury  would  later  follow  this  method  of  treat- 
ment. 

Some  injury  to  trees  often  occurs  from  the  use  of  kerosene, 
or  kerosene  and  water  together,  when  applied  to  the  bark  of 
trees.  Kerosene  and  water  have  occasionally  been  applied  to 
tree  trunks  for  various  insect  pests  by  the  aid  of  a  certain 
mechanical  mixing  device.  It  should  be  stated,  however,  that 
these  mechanical  mixers  are  unreliable,  and  it  is  never  safe  to 
apply  kerosene  to  trees,  not  even  when  mixed  with  water. 
The  use  of  a  gasoline  blower  or  torch  for  the  purpose  of  kill- 
ing caterpillars  has  been  in  vogue  to  some  extent.  This 
should  be  condemned,  since  some  injury  has  resulted  from 
this  practice.  Scraping  the  bark  too  closely  previous  to  apply- 
ing a  banding  substance  should  be  guarded  against. 

In  conclusion,  it  may  be  said  that  Tanglefoot  appears  to  be 
the  only  banding  substance  which  we  have  tested  that  does 
not  in  any  way  cause  injury  to  plant  tissue,  and  that  can  be 
safely  applied  directly  to  tree  trunks.  Since  this  substance 
has  a  tendency  to  run  at  about  125°  to  130°  F.,  a  slightly 
higher  melting  point  would  improve  it.  The  manufacturers 
test  this  substance  at  126°  F.,  on  a  smooth,  vertical  surface, 
claiming  that  it  will  not  run  below  that  temperature;  also, 
that  some  of  their  samples  will  not  run  below  130°  F.  They 
state  that  it  will  stand  a  little  higher  temperature  on  the  bark 
of  trees  before  it  begins  to  run.  Unfortunately,  much  of  the 
Tanglefoot  sent  out  by  the  manufacturers  last  spring  was  made 
on  a  different  formula,  and  the  melting  point  was  entirely  too 
low.  It  was  sent  back  to  the  manufacturers,  and  modified 
according  to  a  previous  formula. 

Such  material  as  printer's  ink,  Bodlime,  etc.,  can  be  safely 
applied  to  tree  trunks  in  connection  with  tarred  paper;  and 
the  latter  can  also  be  applied  to  rough,  thick-bark  trees  without 
killing  them,  although  even  when  used  in  this  manner  it  will 
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often  produce  some  injury,  which,  however,  may  not  prove 
fatal.  We  believe  that  it  is  essential,  in  applying  any  sub- 
stance to  a  tree  as  a  means  of  protecting  it  against  insects, 
that  one  should  be  well  within  the  limit  of  safety. 

In  this  connection  it  should  be  noted  that  all  of  the  man- 
ufacturers of  these  substances  are,  so  far  as  we  have  learned, 
honorable  business  men,  as  is  shown  by  their  perfect  frank- 
ness, and  desire  not  to  place  any  substance  on  the  market 
which  is  not  reliable.  However,  one  should  be  cautious  in 
purchasing  newly  advertised  banding  materials,  since  we 
have  reason  to  believe  that  some  of  these  new  mixtures  will 
not  prove  reliable.  We  have  had  opportunities  to  test  a  large 
number  of  new  mixtures  during  the  past  two  years,  none  of 
which,  in  our  estimation,  answers  the  requirements  of  a  good, 
reliable  banding  substance. 

Effects  of  Escaping  Illuminating  Gas  on  Teees. 

Undoubtedly  a  larger  number  of  trees  suffer  from  the 
effects  of  escaping  illuminating  gas  at  the  present  time  than 
in  previous  years.  The  increased  death  rate  from  this  cause 
may  be  accounted  for  by  the  fact  that  gas  is  now  more  ex- 
tensively used  than  formerly,  and  the  larger  pipes  now  in 
use,  together  with  modifications  in  the  methods  of  laying 
these,  pipes  and  calking,  may  be  in  part  responsible  for  the 
increased  leakage.  At  any  rate,  it  would  seem  that  where 
small  pipes  have  been  in  the  ground  for  many  years  with 
thread  joint  connections  there  is  much  less  leakage  than  where 
larger  pipes  are  used,  and  where  the  calking  is  done  with 
Portland  or  Roman  cement  and  oakum  or  lead. 

There  is  a  large  amount  of  gas  manufactured  by  companies 
which  is  unaccounted  for.  According  to  the  twenty-first 
annual  report  of  the  Gas  and  Electric  Light  Commissioners  of 
Massachusetts,  the  production  of  gas  for  the  year  1905  in 
this  State  was  6,418,024,954  cubic  feet.  The  amount  un- 
accounted for  during  that  year  was  622,304,044  cubic  feet; 
in  other  words,  there  was  a  loss  of  about  10  per  cent.  Prob- 
ably this  loss  represents  more  than  mere  leakage,  since  part  of 
it  may  be  accounted  for  by  differences  in  temperature  which 
the  gases  are  subjected  to  when  measured.   Nevertheless,  there 


Showing  effect  of  illuminating  gas  on  elm  tree, 
one  and  one-half  years  after  leakage  occurred. 
(From  "Park  and  Cemetery.") 
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is  a  very  large  number  of  leaks  in  gas  mains  at  the  present 
time,  and  the  number  of  cubic  feet  of  gas  which  annually 
escape  into  the  soil  is  quite  large. 

There  are  a  great  many  joints  in  gas  mains  from  which  can 
be  detected  only  slight  leakage,  —  perhaps  from  two  to  three 
cubic  feet  a  day;  whereas  there  are  others  from  which  the 
leakage  is  very  extensive,  and  from  which  thousands  of  cubic 
feet  of  gas  escape  into  the  soil  in  the  course  of  a  year.  Even 
these  smaller^leaks,  where  the  outflow  is  only  from  two  to  three 
cubic  feet  a  day,  are  capable  of  injuring  trees  in  the  course  of 
time,  since  the  soil  becomes  charged  with  gas  to  quite  an  ex- 
tent in  a  few  years.  Should  the  roots  of  trees  happen  to  be 
near  these  leaks,  the  trees  will  become  unhealthy,  but  perhaps 
will  not  die.  There  are  hundreds  of  city  trees  affected  in 
this  manner,  and  gas  is  seldom  suspected  of  causing  their 
sickly,  condition.  In  the  eastern  States,  at  least,  there  are 
three  kinds  of  gas  used,  —  water  gas,  coal  gas  and  oil  gas. 
So  far  as  the  effects  of  these  various  gases  on  trees  are  con- 
cerned, there  is  apparently  little  or  no  difference,  since  they 
all  contain  similar  elements  which  are  poisonous  to  trees. 

There  are  two  classes  of  injury  which  may  readily  be  dis- 
tinguished as  resulting  from  gas  poisoning:  first,  incipient 
cases;  and  second,  pronounced  cases.  In  the  first  series  we 
have  those  already  alluded  to  as  resulting  from  small  leaks, 
and  the  ground  in  such  cases  never  becomes  fully  charged 
for  any  considerable  distance.  They  may  not  result  in  killing 
the  tree  directly,  but  cause  it  to  be  unhealthy,  and  there  is 
likely  to  be  a  large  amount  of  dead  wood  found  on  such  trees 
annually.  Occasionally  a  large  tree  may  be  located  near  a 
small  leakage,  and  in  such  a  case  only  a  single  root  will  be 
affected.  Those  portions  of  the  trunk  of  the  tree  in  direct 
connection  with  the  leak  will,  however,  show  the  effects  of  gas 
poisoning.  Small  leaks  of  this  description  often  produce  only 
local  injury.  Trees  affected  in  this  manner  may  suffer  with 
what  is  termed  "  general  debility,"  —  a  term  often  used  to 
cover  up  a  vast  amount  of  ignorance  concerning  diseases  in 
general.  In  severe  cases  of  gas  poisoning,  such  as  take  place 
where  there  is  a  large  leak,  the  effects  on  a  tree  are  very  pro- 
nounced, and  there  is  absolutely  no  hope  of  recovery  for  a 
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tree  which  has  once  been  severely  injured  by  gas ;  in  short, 
where  a  tree  has  been  defoliated  or  even  half  defoliated  from 
the  effects  of  gas,  there  is  no  hope  for  it,  although  it  might  be 
possible,  if  one  could  dig  up  all  the  soil  around  it  and  expose 
it  to  the  air,  to  eliminate  much  of  the  gas  in  the  soil,  in 
which  case  the  tree  might  make  some  attempt  to  recover. 

The  characteristic  symptoms  of  gas  poisoning  are  quite 
marked  to  one  familiar  with  them,  and  can  generally  be  dis- 
tinguished from  other  kinds  of  injury  which  are  likely  to 
affect  a  tree.  It  requires,  however,  pretty  close  observation 
and  thorough  understanding  of  conditions  in  order  to  dis- 
tinguish gas  poisoning  from  some  other  types  of  injury  which 
may  occur.  For  example,  in  the  gypsy  moth  district  about 
Boston  the  trunks  of  many  trees  have  been  treated  with  crude 
oil  and  various  other  substances  which  are  exceedingly  in- 
jurious to  trees.  Crude  oil  or  kerosene,  when  sprayed  on  the 
bark  of  a  tree,  will  penetrate  the  wood  to  some  extent.  Un- 
less one  is  perfectly  familiar  with  the  characteristic  symptoms 
of  trees  poisoned  with  gas,  it  would  be  a  very  easy  matter  to 
confound  these  two  classes  of  injuries.  In  both  cases  the  bark 
becomes  loose  and  falls  off  the  tree  very  quickly.  From  care- 
ful observations  of  the  trunks  of  trees,  however,  the  effects  of 
crude  oil  can  generally  be  distinguished  from  those  caused  by 
gas,  by  one  who  is  familiar  with  these  characteristic  injuries. 

In  general,  however,  the  symptoms  shown  by  trees  affected 
with  illuminating  gas  are  quite  different  from  those  arising 
from  other  causes  which  are  likely  to  be  active.  Trees  affected 
with  gas  are  very  susceptible  to  rapid  disintegration.  One  of 
the  first  effects  of  poisoning  in  summer  would  be  a  yellowing 
and  drying  up  of  the  foliage,  and  a  greater  or  less  defoliation 
of  the  tree,  according  to  the  degree  of  poisoning.  The  trunk 
of  the  tree  is  generally  dark  colored,  indicating  an  absence  of 
life ;  but  this  feature  is  not  always  present. 

The  occurrence  of  various  species  of  fungi  on  trees  affected 
by  gas  is  rather  conspicuous,  since  these  fungi  are  often  very 
numerous,  and  make  their  appearance  soon  after  a  tree  has 
been  injured ;  whereas  on  trees  dying  from  other  causes  it  is 
sometimes  many  years  before  the  bark  becomes  covered  with 
fungi.    The  sap  wood  is  often  found* to  be  discolored,  and  it 
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has  peculiar,  characteristic  odors  which  assist  in  a  diagnosis. 
Sometimes,  however,  especially  when  the  tree  is  injured  by 
gas  in  late  summer,  at  which  time  the  flow  of  sap  is  not  so 
pronounced  as  in  the  spring,  the  odors  of  the  wood  are  not  so 
marked. 

The  writer  has  had  many  years'  experience  in  examining 
trees  injured  by  illuminating  gas,  and  has  had  occasion  to 
study  a  large  number  of  them  each  year.  In  our  diagnosis 
of  such  trees  we  make  use  of  a  small  hatchet,  which  is  em- 
ployed to  cut  into  the  trunk  of  a  tree  for  the  purpose  of 
examining  the  tissue.  In  most  cases  it  is  only  necessary  to 
insert  the  hatchet  into  the  trunk  and  gradually  pull  the  tissue 
back  to  see  whether  it  is  normal  or  abnormal.  Little  injury 
is  done  to  the  tree  by  this  practice,  as  a  mere  slit  in  a  healthy 
tree  will  heal  over  in  a  short  time.  In  other  cases  it  is 
necessary  to  take  out  a  chip  and  examine  the  tissues  under 
a  microscope.  An  examination,  by  means  of  a  hatchet,  of 
the  larger  roots  which  extend  above  the  surface  of  the  soil, 
causes  less  disfigurement,  and  the  source  of  leakage,  if  such 
is  present,  may  be  discovered.  The  escape  of  gas  into  the 
soil  from  a  leak  follows  the  line  of  least  resistance.  For 
this  reason,  if  leakage  occurs  in  the  street  in  front  of  a  house 
one  can  usually  detect  the  odor  of  gas  in  the  cellar,  as  the  gas 
will  follow  the  exterior  of  the  pipe  leading  into  the  cellar. 

There  is  considerable  difference  in  the  resistance  of  soils 
to  gas.  In  gravelly  soils  we  have  known  gas  to  travel  2,000 
feet  without  any  difficulty  when  the  ground  is  frozen,  and 
escape  into  the  cellar  of  a  house ;  whereas  in  heavier  soils  gas 
is  more  likely  to  be  restricted  to  smaller  areas. 

The  poisonous  properties  of  gas  undoubtedly  consist  in  the 
coal  tar  products,  which  contain  such  compounds  as  sulfates, 
cyanides,  etc.  Gas  escaping  into  the  soil  probably  condenses 
fully  as  rapidly  as  in  the  pipe.  The  gas-drip  which  is  taken 
out  of  a  pipe  is  the  condensed  portion,  and  this  in  itself  is 
very  rank  in  odor  and  extremely  injurious  to  plants,  whether 
the  volatile  products  are  taken  in  through  the  leaves  or  the 
liquid  through  the  roots.  It  is  apparently  these  condensed 
products  which  are  taken  up  by  the  roots  and  which  poison  the 
tree.   About  1  or  2  per  cent,  of  gas  is  absorbed  by  water,  and 
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the  water  in  the  soil  becomes  charged  to  a  certain  extent  with 
gas.  In  the  course  of  time,  where  the  leakage  is  more  or 
less  extensive,  the  odor  of  the  soil  becomes  extremely  obnox- 
ious. This  odor  disappears  very  quickly  when  the  soil  is 
aerated;  in  fact,  when  a  gas  leak  is  found  it  is  an  excellent 
idea  to  leave  the  ditch  open  for  a  few  days,  to  get  rid  of  the 
strong  odors  which  are  present  in  the  soil.  There  is  a  certain 
capacity  of  adaptation  of  plants  to  poisons,  and  this  probably 
exists  to  some  extent  in  the  case  of  trees ;  but  this  capacity  is 
limited,  and  where  the  leakage  of  gas  is  continuous,  the 
roots  are  sure  to  be  poisoned  in  time.  The  writer  has  treated 
various  small  trees  and  plants  with  gas,  and  has  grown  plants 
in  water  charged  with  it.  Gas,  like  many  other  poisons,  acts 
as  a  stimulus  to  plants  at  first,  but  eventually  kills  them.  It  is 
possible,  however,  to  keep  roots  alive  in  water  charged  with 
gas  every  twenty-four  hours  for  a  considerable  length  of  time. 
Finally,  however,  after  the  plant  has  absorbed  a  certain 
amount  the  cambium,  layer  is  affected,  and  disintegration 
takes  place  rapidly.  It  requires  a  considerable  amount  of  gas 
to  kill  a  large  tree,  but  it  must  be  borne  in  mind  that  the 
conditions  surrounding  a  tree  are  favorable  for  maintaining 
gas  in  the  soil  for  a  long  time.  Mr.  H.  A.  Ballou,  one  of 
our  former  students,  treated  a  large  maple  tree  with  1,000 
cubic  feet  of  gas.  This  was  done  by  digging  a  hole  in  the 
ground  under  the  feeding  roots  to  a  depth  of  four  feet  or 
more,  and  the  gas  was  allowed  to  escape  into  the  soil  at  this 
point  for  a  number  of  months.  The  result  was  that  not  the 
slightest  injury  was  done  to  the  tree.  If,  however,  the  same 
amount  of  gas  had  been  allowed  to  escape  near  a  tree  located 
on  a  macadamized  road,  and  the  leakage  had  extended  over  a 
period  of  two  years  instead  of  three  or  four  months,  some 
injury  would  have  been  discernible. 

Many  gas  companies  now  openly  recognize  the  fact  that  a 
certain  amount  of  gas  leakage  occurs  continually,  and  that  a 
certain  number  of  trees  are  likely  to  be  killed  each  year; 
therefore,  they  endeavor  to  settle  all  claims  for  damages  to 
trees  arising  from  gas  out  of  the  courts.  In  Massachusetts 
the  court  has  decided  in  more  than  one  instance  that  a  good- 
sized,  well-developed  and  sound  tree  in  front  of  an  estate 
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is  worth  from  $150  or  $^00  in  the  valuation  of  that  prop- 
erty; and  if  such  a  tree  is  killed  by  gas,  the  abutter  is 
entitled  to  damages.  In  most  of  the  cases  of  gas  poisoning 
the  companies  have  settled  with  the  abutters,  allowing  any- 
where from  $5  to  $150  a  tree.  In  other  States  courts  have 
decided  that  an  owner  of  land  which  abuts  on  a  city  street 
and  which  is  planted  with  shade  trees  is  entitled  to  have 
such  trees  protected  against  negligence  or  wilful  destruction 
at  the  hands  of  a  third  party.  A  large,  handsome  tree  taken 
from  a  well-kept  avenue  is  a  greater  loss  to  the  abutter's 
property  than  a  similar  tree  on  a  poor,  ill-kept  street.  More- 
over, a  tree  half-killed  by  the  teeth  of  horses  is  not  worth 
as  much  as  one  in  good  condition.  In  some  cities  gas  com- 
panies have  settled  with  the  city  for  the  loss  of  trees. 

According  to  tree  laws  in  Massachusetts,  gas  companies  are 
undoubtedly  subject  to  a  fine  for  injuring  or  causing  the 
death  of  a  tree,  in  addition  to  the  damages  for  causing  a 
deterioration  of  property  owing  to  the  loss  of  such  trees, 
since  the  laws  relating  to  injuries  to  shade  trees  are  explicit. 
In  some  cases  the  abutter  is  satisfied  if  new  trees  are  planted 
to  replace  the  old  ones. 

Undoubtedly  much  of  the  loss  arising  from  gas  the  past 
few  years  has  been  due  to  inferior  work  in  laying  pipes.  In 
one  small  city,  where  four  miles  of  pipe  were  laid,  we  were 
able  to  find  one  hundred  trees  which  were  injured  beyond 
recovery  from  gas  poisoning,  two  years  after  the  gas  mains 
were  laid;  and  we  venture  to  say  that  three  or  four  hundred 
other  trees  in  the  same  locality  were  more  or  less  affected  by 
gas,  many  of  which  will  subsequently  die  a  premature  death. 

Germination  and  Growth  en  Soils  of  Different 
Texture. 

It  requires  only  a  casual  glance  at  the  flora  of  any  region 
to  note  the  fact  that  soil  texture  plays  an  important  part  in 
the  distribution  and  adaptation  of  plants.  Soil,  however,  is 
so  intimately  connected  with  and  modified  by  other  factors, 
such  as  organic  matter,  arrangement  of  the  particles  of  the 
soil,  chemical  constituents,  the  presence  of  living  organisms 
and  differences  in  the  amount  of  water,  that  it  is  a  most  diffi- 
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cult  problem  to  determine  accurately  the  role  which  texture 
alone  plays  in  plant  distribution  and  adaptation. 

Humus  is  undoubtedly  closely  associated  with  certain  eco- 
logical features  connected  with  the  life  history  of  plants,  since 
it  furnishes  an  environment  for  various  micro-organisms 
which  in  some  instances  amount  to  many  millions  per  gram ; 
and  if  the  behavior  of  these  organisms  in  culture  media  fur- 
nishes a  criterion  for  their  activity  in  soil,  important  chemical 
changes  must  take  place. 

In  endeavoring  to  account  for  the  distribution  of  any 
particular  species  of  plant,  one  is  confronted  with  a  complex 
problem,  since  there  are  various  influences  responsible  for 
distribution,  and  the  elimination  of  these  factors  is  beset 
with  difficulties. 

In  some  cases  differences  in  the  degree  of  adaptability  of 
plants  appear  to  exist  corresponding  with  their  stages  of 
development ;  for  example,  a  seedling  will  die  in  a  soil  of  cer- 
tain texture,  when  a  more  mature  plant  of  the  same  species 
will  succeed  in  thriving  to  a  greater  or  less  extent. 

Soil  texture  exerts  an  influence  upon  the  configuration  of 
plants  which  may  be  seen  even  in  restricted  areas;  for  ex- 
ample, certain  soils  are  especially  adapted  to  the  luxuriant 
development  of  elms,  and  such  soils  exert  a  marked  influence 
not  only  upon  the  general  type  of  tree,  but  the  color,  size 
and  texture  of  the  leaves,  —  a  feature  which  may  be  seen 
to  a  similar  degree  in  other  native  plants. 

Among  our  well-known  cultivated  plants  there  are  some 
which  are  influenced  to  quite  an  extent  by  soil  texture,  the 
best  known  among  these  being  tobacco.  Since  the  texture, 
aroma  and  color  of  the  leaf  is  tested  many  thousand  times 
daily  by  smokers,  much  knowledge  has  been  gained  regarding 
the  influence  of  soil  texture  and  other  factors  upon  the  growth 
of  this  crop.  It  is  well  known  that  the  crops  from  some  soils 
sell  for  two  and  three  times  as  much  as  those  grown  on  soils 
of  a  different  texture.  In  the  development  of  head  lettuce 
soil  texture  also  plays  an  important  role.  This  type  of  lettuce 
is  largely  grown  on  the  Atlantic  coast  soils,  which  predom- 
inate in  the  coarser  grades  of  sand.  When  head  lettuce  is 
grown  in  finer-texture  soils  it  does  not  head  up  well,  and  little 
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or  no  attempt  is  made  to  grow  this  crop  in  soils  of  this  nature. 
Lettuce  seed  sown  in  a  soil  of  line  texture  will  not  germinate 
nearly  as  well  as  in  loose  soil,  and  lettuce  seedlings  will  reach 
a  certain  stage  of  development,  remain  stationary  for  weeks 
and  eventually  die.  The  reason  why  a  fine-texture  soil  pre- 
vents seedlings  from  developing  is  lack  of  air.  This  may  be 
illustrated  by  the  more  vigorous  growth  which  lettuce  seed- 
lings make  in  such  a  soil  near  the  edge  of  a  flower  pot  than 
in  the  middle,  and  by  various  soil  aeration  experiments. 

The  compactness  of  a  soil,  as  might  be  expected,  exerts  an 
influence  upon  germination  and  growth.  The  following  table 
shows  the  effect  of  loose  and  tamped  loam  and  subsoil  upon 
the  germination  of  seeds.  In  one  case  a  good  loam,  containing 
about  8  per  cent,  of  organic  matter,  was  employed,  one  box 
being  tamped  very  firmly  with  a  heavy  weight  after  the  seeds 
were  sown,  and  the  other  left  very  loose.  In  the  other  case 
two  boxes  of  soil  of  fine  texture  (subsoil)  were  employed. 
This  soil  was  very  deficient  in  organic  matter.  These  two 
boxes  were  treated  in  a  similar  way  to  those  containing  loam ; 
that  is,  one  was  left  very  loose  and  the  other  tamped  firmly 
after  the  seeds  were  sown.  In  all  the  boxes  very  little  soil 
was  placed  over  the  seed. 


Result  of  Seed  Germination  in  Loose  and  Tamped  Soils. 


Loam. 

Subsoil. 

Loose. 

Tamped. 

Loose. 

Tamped. 

75 

51 

80 

22 

33 

71 

146 

7 

45 

1  The  seedlings  came  up  in  cracks  in  the  soil. 


No  lettuce  seed  germinated  in  the  tamped  loam  or  sub- 
soil, while  white  clover  made  its  appearance  in  the  tamped 
loam.  Rattlebox,  which  with  us  is  quite  at  home  in  fine- 
texture  soil  lacking  organic  matter,  did  better  than  the  lettuce 
or  white  clover.  None  of  the  seed  possessed  a  high  percentage 
of  germination,  and  some  allowance  must  be  made  for  this. 
All  of  the  seed  germinated  better  in  the  loose  loam  than  in 
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the  loose  subsoil,  and  the  rattlebox  and  white  clover  showed 
greater  capacity  for  adaptability  to  tamped  soil  than  the 
lettuce. 

Lettuce  is  remarkably  susceptible  to  lack  of  soil  aeration, 
as  is  shown  by  the  many  experiments  we  have  made  with  this 
plant.  The  following  table  shows  the  effect  of  soil  texture 
upon  the  germination  and  growth  of  lettuce.  The  boxes 
employed  in  this  experiment  were  eight  inches  square,  and 
each  was  nearly  filled  with  carefully  sifted  coal  ashes,  con- 
taining particles  corresponding  to  the  sizes  given  in  the  table. 
Each  box  was  weighed  and  watered  daily,  and  the  amount  of 
water  applied  was  such  that  the  degree  of  saturation  was 
equal  to  one-half  the  water-retaining  capacity. 


Influence  of  Soil  Texture  on  the  Germination  of  Lettuce  Seeds  and 
Growth  of  Seedlings. 


Size  of 
Particles 
(Millimeters). 

Per  Cent,  of 
Germination. 

Average  "Weight 
of  Seedlings 
(Milligrams). 

2-1 

54.2 

40-60 

1-.5 

38.0 

80-84 

24.8 

59.99 

33.0 

41.45 

14.2 

19.25 

The  preceding  table  includes  the  results  of  three  experi- 
ments, in  which  3,000  seeds  were  employed.  The  highest 
percentage  of  germination  is  given  by  the  seeds  sown  in 
ashes  containing  particles  having  a  size  of  2-1  millimeters; 
while  the  largest  average  weight  of  the  seedlings  is  shown  by 
those  which  were  grown  in  ashes  containing  particles  having 
a  diameter  of  1-.5  millimeters.  In  the  case  of  some  experi- 
ments in  similar  boxes  with  sand  the  highest  percentage 
of  germination  took  place  in  the  particles  ranging  from 
.5  to  .25  millimeters;  and  the  largest  average  weight  of 
seedlings  was  given  by  the  particles  ranging  in  size  from 
1  to  .5  millimeters,  or  the  same  as  in  the  experiment  with 
ashes.  It  should  be  pointed  out  that  important  differences 
exist  between  coal  ashes  and  sand  in  respect  to  absorption  of 
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moisture.  This  was  quite  noticeable  in  the  experiments,  in- 
asmuch as  the  ashes  act  like  a  sponge  and  water  is  retained 
to  quite  an  extent  by  them ;  while  in  the  sand  no  such  absorp- 
tion takes  place,  as  is  readily  shown  by  the  top  layers  of  the 
coarse  sand  becoming  dry,  —  so  much  so  at  times  that  seed 
germination  was  seriously  interrupted.  For  this  reason  it  was 
impossible  to  maintain  the  same  relative  degree  of  moisture 
in  the  various  strata  in  the  sand  boxes  as  in  the  ashes.  Since 
ashes  were  more  porous  and  spongy,  the  difference  in  the 
amount  of  moisture  in  the  various  strata  was  less  marked, 
and  there  was  no  difficulty  in  maintaining  enough  moisture 
for  germination  in  the  coarse  particles  of  coal  ashes. 

The  influence  of  variation  in  the  soil  moisture  cannot  be 
eliminated  in  comparative  experiments  with  soils  of  different 
texture,  since  the  capillarity  of  the  different  grades  of  soils 
is  by  no  means  the  same;  neither  is  the  amount  of  water 
which  the  seeds  and  seedlings  received  under  these  conditions 
identical. 

Some  parallel  experiments  were  undertaken  in  shallow 
plates,  containing  about  three-fourths  inches  of  coal  ashes, 
having  the  same  range  in  the  size  of  particles  as  in  the 
previous  experiment,  with  somewhat  similar  results.  In  the 
plate  experiments  the  difference  in  the  amount  of  moisture 
due  to  the  difference  in  the  capillarity  was  considerably  mod- 
ified, since  the  substratum  was  so  shallow  that  the  seedlings, 
after  they  had  become  mature  to  a  certain  degree,  could  obtain 
practically  the  same  amount  of  water  from  each  type  of  par- 
ticles, providing  evaporation*  was  checked,  thus  preventing 
stimulation  which  would  arise  from  the  difference  in  the  water 
supply,  although  the  water  in  the  plates  containing  the  coarse 
particles  would  be  more  largely  confined  to  the  lower  strata. 
Soil  texture  and  water  supply  are  intimately  associated,  and 
this  has  led  some  to  believe  that  water  constitutes  the  ruling- 
element  in  the  soil  in  crop  production.  Respiration  is  also 
an  important  function  in  plants,  for  which  process  oxygen  is 
necessary.  When  plants  are  deprived  of  oxygen  they  cease 
to  grow,  and  seeds  will  not  germinate. 

It  is  important  that  roots  be  supplied  with  air  for  respira- 
tion, as  is  shown  by  aeration  experiments ;  and  in  the  experi- 
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ments  with  lettuce  the  difference  in  the  percentage  of 
germination  and  growth  of  seedlings  in  ashes  was  determined 
by  differences  in  the  air  supply  furnished  by  the  various 
grades  of  particles  employed. 

Textube  of  Massachusetts  Soils. 
For  some  years  this  department  has  made  mechanical 
analyses  of  soils  in  connection  with  the  study  of  problems 
relating  to  greenhouse  crops,  and  for  various  persons  who 
desire  to  know  the  constituents  of  some  particular  soil.  A  list 
including  some  of  the  analyses  is  presented  with  this  report, 
the  soils  being  grouped  in  a  general  way  under  different 
headings. 

In  the  list  of  soils  which  follows,  acknowledgment  should 
be  made  to  those  who  have  taken  part  in  this  work,  most  of 
whom  have  been  from  time  to  time  students  and  assistants  in 
our  laboratory.  Some  of  these  soils  were  analyzed  by  Mr. 
Asa  S.  Kinney,  now  director  of  the  Botanical  Gardens  at 
Mount  Holyoke  College;  others  by  Messrs.  A.  A.  Harmon, 
A.  C.  Monahan,  A.  L.  Dacy,  E.  H.  Scott,  L.  K.  Liang;  and 
particularly  Mr.  ~N.  F.  Monahan,  assistant  in  the  laboratory, 
who  has  made  by  far  the  greatest  number  of  these  analyses. 

The  methods  employed  are  those  recommended  by  Dr. 
Milton  Whitney.  In  some  of  the  earlier  samples  the  finer- 
grade  material  was  separated  by  the  gravity  method,  while 
all  the  later  analyses  have  been  made  by  the  centrifugal 
method  of  separation.  In  all  cases  20  grams  of  soil  were 
used  in  each  analysis. 

The  soils  best  adapted  to  general  market  gardening  are 
those  which  contain  considerable  proportions  of  coarse  ma- 
terial, which  render  them  loose  and  friable.  Such  soils  pre- 
dominate near  the  coast,  and  excellent  types  may  be  found  in 
many  of  our  river  valleys.  The  soils  about  Boston,  especially 
those  in  Arlington,  Belmont,  Xewton,  Bedford  and  Concord, 
are  exceptionally  well  adapted  to  market-gardening  purposes, 
and  some  of  the  best  crops  in  the  United  States  are  raised  in 
these  towns.  Market  gardening  has  been  carried  on  in  the 
above-named  localities  for  many  years,  and  remarkable  skill 
has  been  developed  in  handling  certain  crops.    This  statement 
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holds  true  not  only  in  general  truck  farming,  which  is  fol- 
lowed to  a  large  extent  in  these  regions,  but  is  especially 
applicable  to  the  cultivation  of  head  lettuce  under  glass,  in 
which  unique  skill  has  been  developed. 

It  is  not  unusual  for  market  gardeners  to  put  40  cords 
of  horse  manure  per  acre  on  the  land  used  for  market-gar- 
dening purposes,  and  to  a  soil  devoted  to  greenhouse  lettuce 
even  larger  quantities  of  manure  are  applied.  In  general, 
the  best  market-gardening  soils  are  those  which  contain  a 
large  amount  of  coarse  material,  which  is  well  illustrated  by 
the  Belmont,  Newton,  Concord  and  Bedford  soils.  (Cf. 
Table  I.) 

In  a  similar  class  may  be  included  Worcester  soil  No.  10, 
New  Bedford,  Swansea  and  Touisset.  The  Worcester  soil 
No.  10  is  from  a  river  valley,  and  is  well  adapted  to  the 
growth  of  head  lettuce.  The  Providence  soil  is  quite  similar 
to  those  of  Cape  Cod,  and  is  somewhat  coarser  than  the 
Arlington  and  Belmont  types.  When  these  coarser  soils  are 
well  supplied  with  organic  matter  they  are  suitable  for  lettuce. 
The  Worcester  soils  Nos.  13  and  20,  together  with  the 
Amherst,  Huntington  and  Pittsfleld  soils,  are  not  desirable 
ones  for  head  lettuce,  since  they  are  too  compact.  These  soils, 
however,  have  been  used  for  lettuce,  and  for  this  reason  are 
included  in  this  list. 
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Table  I.  —  The  Mechanical  Analyses  of  Some  Market-garden  Soils. 

[Diameter  of  the  grains  in  millimeters  (1  millimeter  equals  about  %6  of  an  inch) ; 
gravel,  2-1;  coarse  sand,  1-.5;  medium  sand,  .5-. 25;  fine  sand,  .25-.1;  very  fine  sand, 
.1-.05;  silt,  .05-.01;  fine  silt,  .01-.005;  clay,  .005-.0001.] 


Station 

Number. 

Locality. 

Water-retain- 
ing Capacity. 

Organic  Matter. 

Gravel. 

•6 

1 

§ 

o 

Medium  Sand. 

Fine  Sand. 

VeryFineSand. 

Bilt. 

Fine  Silt. 

Clay. 

6 

Pittsfield,  . 

50.00 

11.50 

5.35 

5.00 

4.80 

14.00 

37.00 

7.05 

1.20 

6.95 

9 

Belmont,  . 

51.30 

10.00 

4.60 

11.10 

3.95 

19.50 

34.75 

2.10 

1.65 

1.75 

14 

Subsoil  of  No.  9, 

29.30 

1.80 

2.85 

8.25 

14.30 

32.20 

32.05 

2.30 

1.30 

2.35 

10 

Worcester, . 

46.20 

9.01 

7.17 

15.40 

10.10 

15.30 

29.64 

9.85 

2.87 

2.07 

13 

Worcester  subsoil,  . 

41.00 

9.60 

1.40 

2.00 

3.95 

20.70 

43.45 

7.20 

3.05 

3.60 

15 

Newton,  ... 

67.90 

15.18 

5.75 

8.12 

7.07 

12.06 

34.01 

2.10 

0.20 

3.82 

16 

Spencer, 

50.00 

9.80 

2.70 

4.55 

7.30 

22.35 

29.60 

6.65 

2.45 

3.25 

17 

Providence,  R.  I., 

39.60 

6.65 

9.20 

17.85 

16.85 

20.90 

22.50 

2.75 

0.40 

2.25 

18 

Pittsfield,  . 

61.00 

11.00 

5.65 

6.90 

5.25 

13.75 

35.30 

5.95 

0.55 

3.85 

19 

New  Bedford,  . 

40.00 

7.60 

4.10 

5.45 

6.45 

12.00 

39.45 

6.95 

5.50 

5.55 

20 

Worcester, 

45.10 

9.40 

1.65 

2.80 

4.25 

19.85 

42.95 

4.50 

2.95 

2.75 

21 

Worcester  subsoil,  . 

36.50 

2.80 

1.00 

1.20 

1.10 

S.30 

66.45 

7.35 

2.10 

5.35 

22 

Amherst,  . 

40.50 

6.00 

2.60 

5.90 

7.90 

15.40 

40.75 

9.25 

2.60 

4.65 

44 

Huntington, 

43.20 

8.00 

0.36 

0.90 

1.32 

10.09 

29.40 

27.38 

6.35 

7.93 

47 

Concord, 

46.59 

7.80 

5.45 

11.01 

13.95 

25.03 

17.87 

12.38 

0.99 

2.75 

52 

South  Sudbury, 

59.93 

9.40 

2.59 

5.79 

7.93 

25.19 

26.38 

12.74 

2.45 

0.98 

57 

Bedford,  . 

67.21 

12.64 

3.80 

5.30 

5.40 

15.02 

22.91 

19.63 

7.34 

3.37 

65 

Waltham  subsoil, 

54.01 

4.32 

0.83 

1.58 

1.94 

10.82 

44.81 

21.15 

4.49 

7.25 

77 

Belmont,  . 

42.66 

13.20 

3.18 

5.85 

12.13 

37.34 

14.12 

3.60 

0.59 

1.73 

89 

Swansea,  . 

61.80 

10.44 

4.80 

5.07 

13.19 

21.72 

22.88 

14.60 

1.36 

3.49 

95 

Touisset,  . 

51.30 

U.66 

2.37 

3.59 

13.63 

19.44 

32.39 

13.22 

0.79 

1.64 

97 

Belmont,  . 

50.00 

10.57 

6.49 

5.84 

10.49 

11.65 

30.25 

9.33 

4.78 

4.01 

The  greenhouse  cucumber  soils  given  in  Table  II.  are  from 
widely  separated  localities,  and,  with  the  exception  of  the 
organic  matter  which  they  contain,  are  no  better  adapted  to 
the  growth  of*  cucumbers  than  soils  which  may  be  selected 
from  other  places.  One  special  feature,  however,  in  connec- 
tion with  these  soils  is  the  large  amount  of  organic  matter 
which  they  contain,  which  greatly  modifies  their  texture. 
Most  greenhouse  soils  are  rich  in  organic  matter,  which  is 
furnished  by  the  extensive  use  of  horse  manure  and  de- 
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composed  sod.  Cucumbers  are  not  so  susceptible  to  soil 
texture  as  lettuce,  since  almost  any  soil  fairly  well  provided 
with  organic  matter  is  suitable  for  their  growth ;  while  in 
the  cultivation  of  head  lettuce  it  is  necessary  to  have,  in 
addition  to  a  good  supply  of  organic  matter,  a  certain  per- 
centage of  the  coarser  particles  of  soil. 

The  best  method  of  preparing  soil  for  cucumbers  consists 
in  mixing  one-third  horse  manure,  one-third  loam  and  one- 
third  sod.  These  constituents  form  a  suitable  basis  for  a  good 
cucumber  soil,  and  by  the  extensive  use  of  horse  manure  each 
year  it  can  be  kept  in  good  condition. 


Table  II.  —  The  Mechanical  Analyses  of  Some  Cucumber  Soils. 


Station 

Number. 

Locality. 

Water-retain- 
ing Capacity. 

Organic  Matter. 

3 

> 
B 
O 

Coarse  Sand. 

ri 
S 

3 

2 
a 
'-3 

i 

3 

Fine  Sand. 

Very  Fine  Sand. 

Silt. 

Fine  Silt. 

Clay. 

34 

East  Brookfiekl, 

50.66 

6.00 

7.80 

21.18 

18.57 

17.01 

21.96 

2.89 

2.18 

2.25 

74 

Athol  

57.30 

22.46 

8.71 

12.80 

7.33 

12.39 

8.85 

13.21 

2.59 

1.39 

75 

Lincoln, 

57.00 

11.00 

2.36 

6.18 

7.87 

24.66 

29.89 

13.33 

0.83 

3.14 

76 

Fitchburg,  . 

42.70 

26.02 

2.71 

7.91 

6.45 

13.05 

12.64 

18.33 

3.36 

1.33 

94 

Beverly, 

66.40 

12.13 

6.21 

6.94 

12.26 

10.97 

29.48 

15.32 

1.55 

1.39 

Asparagus  is  usually  grown  on  a  coarse,  sandy  soil,  gen- 
erally deficient  in  organic  matter,  partly  for  the  reason  that 
such  soils  will  not  grow  anything  else  satisfactorily.  It  by 
no  means  follows,  however,  that  asparagus  requires  this  type 
of  soil,  since,  as  a  matter  of  fact,  the  best  beds  in  the  State  are 
located  on  soil  of  finer  texture  than  most  of  those  shown  in 
Table  III. 

Such  soils  as  Xos.  33  and  73  possess  finer  textures  than- 
others,  and  they  are  excellent  asparagus  soils,  besides  having 
the  advantage  of  growing  crops  which  are  not  subject  to  the 
summer  stage  of  the  rust ;  whereas  plants  grown  in  coarse 
soils  are  often  severely  attacked  by  the  rust,  regardless  of 
their  location.  The  most  important  feature  connected  with 
asparagus  soil  in  respect  to  texture  is  its  ability  to  supply 
water  during  periods  of  excessive  drought,  which  enables  the 
plants  to  resist  outbreaks  of  rust.  In  some  cases  asparagus 
beds  will  yield  $1,000  per  acre. 
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Table  ILL  —  The  Mechanical  Analyses  of  Some  Asparagus  Soils. 


Station  1 
Number.  | 

Locality. 

Water-retain- 
ing Capacity. 

Organic  Matter. 

*3 

j 
O 

Coarse  Sand. 

Medium  Sand.  | 

Fine  Sand. 

Very  Fine  Sand. 

Silt. 

Fine  Silt. 

Clay.  1 

1 

Eastham,  . 

38.99 

2.00 

9.38 

27.91 

25.09 

21.43 

8.70 

1.40 

0.77 

1.44 

7 

Orleans, 

35.28 

2.20 

20.97 

31.03 

19.70 

12.26 

6.26 

2.77 

1.46 

1.87 

8 

Concord,  . 

49.81 

4.19 

4.24 

10.20 

12.81 

27.93 

34.11 

1.84 

1.79 

1.08 

32 

Subsoil  of  No.  8, 

33.66 

1.77 

9.69 

12.75 

11.80 

19.23 

24.30 

14.70 

2.24 

0.78 

30 

Attleborough,  . 

48.76 

7.54 

9.26 

11.15 

7.87 

11.53 

29.57 

10. 95 

2.52 

1.42 

31 

Montague,  . 

33.46 

2.74 

0.18 

2.75 

14.77 

23.30 

44.39 

6.16 

1.16 

3.27 

33 

Montague,  . 

48.71 

1.86 

0.27 

4.39 

19.86 

43.88 

25.75 

2.64 

0.36 

0.14 

45 

Concord, 

42.95 

12.60 

6.90 

12.03 

10.88 

21.43 

15.44 

6.00 

5.50 

2.98 

46 

Concord,  . 

32.82 

3.20 

0.73 

2.69 

5.69 

31.73 

37.84 

4.48 

1.30 

4.30 

48 

Longmeadow,  . 

27.34 

2.80 

3.52 

14.88 

15.90 

25.48 

21.60 

5.46 

1.21 

4.31 

63 

South  Sudbury, 

33.64 

3.38 

0.65 

8.22 

9.18 

40.27 

30.29 

2.47 

1.75 

1.99 

55 

South  Berlin,  . 

29.54 

2.30 

5.33 

17.70 

10.13 

11.98 

14.08 

23.43 

4.49 

3.58 

73 

South  Deerfleld, 

34.00 

1.68 

1.33 

6.76 

22.68 

31.12 

18.41 

6.89 

1.53 

3.49 

2 

Eastham,  . 

37.13 

2.60 

17.93 

28.80 

18.85 

5.80 

19.15 

2.85 

1.34 

0.66 

The  soil  of  the  Connecticut  valley  may  be  described  as 
loam,  predominating  in  fine  sand  and  silt,  and  is  quite  differ- 
ent from  soils  found  in  other  parts  of  the  State.  (Cf.  Table 
IV.)  It  is  remarkably  free  from  stones,  and  well  adapted 
to  the  growth  of  onions,  tobacco,  pickle  cucumbers  and  various 
other  crops.  In  some  parts  of  the  valley,  where  the  soil  is 
mixed  with  coarser  material,  good  greenhouse  lettuce  is  grown. 
The  most  important  crops,  however,  are  onions  and  tobacco, 
and  the  former  crop  is  considered  better  than  that  raised  in 
any  other  part  of  the  State.  Dr.  Milton  Whitney,  chief  of 
the  Soil  Bureau,  who  has  investigated  and  mapped  the  Con- 
necticut valley  soils,  implies  that  they  are  not  so  well  suited 
to  the  growth  of  the  best  quality  of  tobacco  as  some  of  the 
types  of  Connecticut  soil,  but  they  yield  heavily,  which  en- 
ables the  tobacco  grower  to  derive  considerable  income  from 
this  crop. 

There  is  an  opinion  prevailing  among  farmers  that  some 
of  the  Connecticut  valley  soils  are  better  adapted  to  the  growth 
of  onions  than  tobacco.    The  greater  proportion  of  both  crops 
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is  grown  on  what  Dr.  Whitney  terms  ';  Connecticut  meadow  " 
and  "  Podunk  fine,  sandy  loam ;  "  and  we  cannot  say  whether 
onions  require,  for  their  best  development,  soil  differing  very 
materially  in  texture  from  that  required  for  tobacco. 


Table  IV. —  The  Mechanical  Analyses  of  Some  Tobacco  and  Onion 

Soils. 


Station  1 
Number .  !  1 

Locality. 

31 

s,  ft 
u  a 

3  * 
s  .5 

C 

9 

1 

S3 
5 
6 

F 

e 

o 

<6 

1 
1 

E 

3 

o 

g 

— 

■ 

m 

5 
1 

s 

1 
j 

>. 

u 

i 

► 

Silt. 

Fine  Silt. 

Clay. 

11 

Hatfield,  . 

33.33 

3.78 

0.05 

0.13 

0.30 

3.38 

60.35 

26.29 

0.71 

4.34 

12 

Sunderland, 

37.80 

6.76 

0.03 

0.25 

0.50 

3.92 

21.87 

47.86 

14.70 

2.71 

54 

North  Hatfield,  . 

63.38 

5.73 

0.03 

0.20 

0.25 

6.30 

37.87 

32.85 

5.13 

5.01 

58 

Sunderland, 

32.38 

4.72 

0.13 

3.32 

0.43 

5.83 

B.lfl 

23.40 

2.12 

1.54 

59 

Easthampton,  . 

31.18 

4.40 

0.07 

0.42 

0.75 

10.84 

62.43 

7.51 

0.41 

1.03 

61 

Hadley, 

38.78 

5.32 

0.05 

0.28 

0.33 

1.08 

51.46 

24.01 

7.75 

7.00 

62 

Subsoil  of  No.  61, 

36.23 

4.65 

0.08 

0.41 

1.76 

11.32 

56.56 

17.56 

4.25 

1.03 

63 

Double  subsoil  of 

34.77 

2.40 

0.56 

0.33 

4.98 

2.88 

50.68 

18.80 

U.33 

6.36 

No.  61. 

70 

Sunderland, 

65.50 

8.22 

0.10 

9.45 

1.44 

4.35 

40.01 

29.67 

0.46 

5.65 

78 

Whately,  . 

50.00 

10.34 

1.65 

3.42 

12.66 

36.29 

11.24 

14.69 

0.59 

0.79 

90 

Whately,  . 

49.30 

8.17 

1.20 

2.29 

12.37 

35.29 

21.39 

15.44 

0.68 

1.49 

There  is  no  greenhouse  specialty  which  requires  so  much 
skill  as  the  growing  of  roses,  and  the  magnificent  specimens 
which  may  be  found  in  the  markets  at  almost  any  season 
of  the  year  surpass  all  other  greenhouse  products  in  beauty 
and  perfection.  There  is  no  plant  which  requires  so  heavily 
manured  a  soil  as  the  rose.  The  customary  formula  for 
mixing  such  a  soil  is  one-third  finely  pulverized  sod,  one- 
third  loam  and  one-third  cow  manure.  In  addition  to  this, 
some  form  of  commercial  fertilizer  is  occasionally  applied. 
Watering  the  plants  with  a  strong  decoction  of  cow  manure  is 
frequently  practised. 

It  is  highly  impracticable  to  use  a  soil  of  this  nature  for 
two  consecutive  seasons,  since,  owing  to  its  high  state  of 
fertilization  and  the  subsequent  chemical  changes  which  take 
place  in  the  soil,  a  toxic  effect  is  produced  upon  the  plants. 
No  class  of  greenhouse  specialists  is  more  particular  about 
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the  texture  of  the  soil  employed  than  rose  growers,  especially 
when  growing  the  American  Beauty.  American  Beauties  are 
more  susceptible  to  differences  in  soil  texture  than  other 
varieties  of  roses,  and  a  perfectly  satisfactory  soil  for  their 
growth  has  not  as  yet  been  found  in  this  State.  They  require 
soil  of  a  different  texture  from  Brides  and  Bridesmaids. 

The  rose  soils  in  the  list  (Cf.  Table  V.)  were  obtained 
from  various  sources,  some  of  which  are  noted  for  their 
production  of  excellent  roses;  while  others  are  prospective 
rose  soils,  —  that  is,  soils  sent  in  by  rose  growers  who  wished 
to  ascertain  whether  they  were  well  adapted  to  the  growth  of 
roses.  It  will  bo  noticed  that  most  of  these  analyzed  rather 
high  in  very  fine  sand  and  silt,  while  two.  of  the  samples 
contained  nearly  10  per  cent,  of  clay. 


Table  V.  —  The  Mechanical  Analyses  of  Some  Bose  Soils. 


]  Station  | 
Number.  | 

Locality. 

Water-retain- 
ing Capacity. 

Organic  Matter.  J 

Gravel. 

Coarse  Sand. 

Medium  Sand.  | 

Fine  Sand. 

Very  Fine  Sand. 

Silt. 

Fine  Silt. 

>> 
J 

O 

3 

Natick, 

43.50 

9.20 

4.50 

6.55 

6.30 

18.82 

32.17 

5.67 

1.18 

9.17 

29 

Madison,  X.  J.,  . 

52.10 

9.96 

3.87 

7.10 

8.10 

13.77 

28.77 

8.85 

1.20 

9.40 

35 

Clifton,  N.  J.,  . 

64.30 

7.90 

3.60 

13.50 

18.77 

17.83 

23.30 

8.59 

1.66 

3.53 

43 

Tarrytown,  N.  Y.,  . 

54.06 

8.10 

.19 

3.00 

4.58 

13.69 

22.88 

22.25 

11.25 

5.94 

67 

Amherst,  . 

56.50 

8.96 

3.51 

3.25 

3.87 

9.75 

4:>.4-_> 

14.49 

.99 

3.86 

79 

Westborough,  . 

49.20 

6.06 

3.21 

3.13 

6.92 

8.80 

35.81 

21.14 

.99 

4.31 

81 

Subsoil  of  No.  79,  . 

34.00 

3.86 

5.05 

3.41 

7.60 

13.83 

38.90 

19.64 

.73 

3.77 

82 

Westborough,  . 

60.24 

6.99 

3.07 

3.23 

7.77 

9.25 

47.81 

16.28 

.40 

1.22 

80 

Subsoil  of  No.  82,  . 

36.00 

3.88 

5.52 

4.61 

9.29 

13.36 

26.12 

26.25 

.87 

3.87 

84 

Westborough,  . 

42.00 

8.96 

4.59 

4.29 

9.18 

13.35 

22.04 

26.70 

1.97 

2.87 

85 

Natick, 

57.90 

9.10 

4.76 

4.00 

9.61 

15.08 

25.57 

25.55 

.90 

1.48 

86 

Subsoil  of  No.  85,  . 

33.50 

3.57 

7.41 

6.20 

14.70 

18.80 

25.83 

9.97 

11.06 

1.17 

88 

Natick, 

48.00 

6.02 

4.73 

4.19 

9.80 

15.74 

30.00 

21.75 

1.41 

2.59 

87 

Subsoil  of  No.  88,  . 

CO.-.T) 

4.71 

4.35 

3.58 

8.36 

11.25 

33.77 

26.47 

1.04 

4.01 

Throughout  Massachusetts  there  are  many  hills  of  an  oval 
shape,  whose  long  axes  run  in  a  northerly  and  southerly 
direction.  These  "  clay  hills  "  are  designated  "  drumlins  " 
by  geologists,  and  in  some  parts  of  the  State,  notably  on  the 
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ridge  passing  through  Worcester  county,  they  are  abundant 
and  symmetrical  in  outline,  forming  the  most  picturesque 
part  of  the  landscape. 

While  these  are  commonly  termed  "  clay  hills,"  their  sur- 
face soil  cannot  be  classed  as  such,  although  it  is  a  heavy, 
rather  cold  soil,  especially  adapted  to  the  growth  of  some  of 
the  coarser  grasses,  like  timothy.  They  make  excellent  pas- 
tures for  cattle,  and  many  of  the  best  dairies  in  the  State 
are  located  in  regions  where  these  hills  prevail.  (Cf.  Table 
VI.) 

Drumlins  were  formerly  much  valued  by  the  Indians  for 
agricultural  purposes,  since  historical  research  reveals  that 
many  of  them  were  cleared  of  forest  growth  at  the  time  of  the 
first  English  settlement  in  Xew  England.  They  are  well 
supplied  with  water,  as  is  shown  by  the  fact  that  crops  grown 
on  them  seldom  suffer  from  drought.  They  are  largely 
cleared  of  forest  growth  to-day,  because  they  are  now,  as  in 
early  times,  highly  valued  for  agricultural  purposes.  The 
original  growth  of  trees  consisted  of  chestnut,  and  where 
forests  exist  on  these  hills  at  the  present  time  they  consist 
mainly  of  this  species. 


Table  VI. —  The  Mechanical  Analyses  of  Some  Drumlin  Soils. 


u 

i 

,tter. 

a 

1 

1 

■ 

5 

1 

■ 
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Locality. 

V 

% 
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S 
3 

J 

Fin 

Silt 

c3 

s 
5 

I 

s 

-3 

i 

■ 
= 

>> 

u 

s 
= 

>> 

a 

X 

o 

O 

n 

K 

fi 

DO 

n 

o 
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Spencer, 

40.70 

8.50 

5.32 

6.80 

8.88 

21.96 

32.51 

8.07 

2.02 

3.05 

49 

Southbridge, 

44.05 

7.44 

6.55 

9.20 

4.23 

23.53 

22.36 

15.90 

3.92 

5.12 

50 

Subsoil  of  No.  49, 

33.30 

3.20 

5.98 

8.18 

6.07 

15.78 

16.84 

19.60 

13.05 

6.23 

51 

Subsoil  of  No.  49, 

26.60 

■2.74 

5.43 

10.21 

11.78 

16.73 

19.83 

18.80 

9.05 

.39 

83 

East  Brookfield, 

86.26 

6.97 

8.67 

8.68 

11.88 

16.55 

81.83 

18.98 

1.59 

3.90 

Of  the  remaining  soils,  a  variety  of  types  are  represented. 
(Cf.  Table  VII.)  A  large  number  of  these  were  taken  from 
the  experiment  station  grounds,  and  they  predominate  in 
very  fine  sand,  which  causes  the  soil  to  become  quite  compact 
when  wet.    They  resemble  the  general  type  of  Connecticut 
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valley  soils,  and  are  not  well  adapted  to  the  growth  of  green- 
house crops.  The  Oxford  soil  is  from  a  river  valley,  and  is 
suitable  for  truck  farming.  Soil  No.  96  is  from  the  Berk- 
shire hills,  and  Xo.  56  from  a  Worcester  county  town,  with 
an  elevation  of  approximately  1,000  feet. 

The  analysis  of  earthworm  castings  is  similar  to  that  of 
the  soil  in  which  the  earthworms  live,  with  the  exception  of 
a  small  amount  of  organic  matter. 


Table  V1L  —  The  Mechanical  Analyses  of  Some  Miscellaneous  Soils. 


Station             1 1 
Number.  I 

Location. 

m  1 

h  3 

"3.5 

1 

eg 

Cj 

§ 
I 

O 

Gravel. 

1 

"3 
1 

do 

i 

o 
O 

Medium  Hand. 

"3 

da 
a 
s 

s 
J 

> 

Silt. 

s 
1 

- 

G 

5 

Amherst  experi- 

68.45 

7.32 

.95 

1.05 

1.72 

7.29 

66.19 

6.96 

1.33 

4.13 
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KEPORT  OF  THE  ENTOMOLOGISTS. 


C.  II.  FEBNALD  J   II.  T.  FEKXALD. 


Outline  of  Work. 

Four  main  lines  of  work  have  occupied  the  attention  of 
the  entomological  division  of  the  station  during  1906:  corre- 
spondence, experimental  investigations,  special  research  and 
the  preparation  of  results  for  publication. 

The  correspondence  during  the  year  has  been  unusually 
large  in  amount,  and  has  extended  over  a  much  longer  period 
than  is  usual.  The  largest  amount  of  this  work  generally 
comes  between  the  first  of  May  and  the  end  of  August,  but 
this  year  it  began  in  March  and  continued  until  into  Decem- 
ber. Of  course  during  the  remaining  months  numerous  letters 
are  received  and  answered,  but  the  bulk  of  the  correspondence 
has  now  not  only  increased  beyond  that  of  previous  years, 
but  has  extended  over  a  longer  period. 

Xo  unusual  devastation  has  been  reported  during  the  past 
year,  but  all  of  our  injurious  insects  seem  to  have  been  abun- 
dant, and  have  caused  their  share  of  loss  in  one  line  or 
another. 

Experimental  investigations  have  been  begun  or  continued 
from  previous  years  along  a  number  of  lines.  The  prevalence 
of  the  white  fly  in  greenhouses  has  caused  much  loss,  and  in- 
formation as  to  the  methods  of  controlling  this  insect  has 
been  in  great  demand.  For  this  purpose  fumigation  with 
hydrocyanic  acid  gas  appears  to  be  the  most  successful  if  made 
at  the  proper  intervals  of  time  and  in  the  proper  way;  but 
this  gas  is  also  injurious  to  plants,  and  how  much  these  can 
stand  under  varying  conditions  of  light,  temperature,  humid- 
ity, length  of  exposure  to  the  fumes,  etc.,  has  not  been  de- 
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termined  for  different  kinds  of  plants  at  different  ages.  This 
has  accordingly  been  made  a  subject  of  particular  investiga- 
tion during  the  past  year. 

Tomatoes  were  the  first  crop  tested,  the  usual  greenhouse 
varieties  being  selected ;  and  the  plants  were  fumigated  at  all 
stages  of  growth  and  under  varying  conditions,  to  determine 
in  each  case  the  maximum  amount  of  gas  which  could  be 
used  without  injury.  These  experiments  have  now  been  com- 
pleted, and  demonstrate  that  it  is  possible  to  fumigate  tomatoes 
with  a  sufficient  strength  of  cyanide  to  destroy  the  white  fly 
without  injuring  the  plants,  provided  certain  conditions  are 
carefully  observed.  The  information  thus  obtained  has 
already  been  supplied  to  a  number  of  persons  who  have 
had  trouble  with  the  white  fly  in  their  greenhouses,  and 
has  been  used  successfully,  and  a  bulletin  on  the  subject 
is  now  being  prepared.  At  the  present  time  a  similar  series 
of  experiments  with  cucumbers,  another  important  forcing- 
house  crop,  and  one  also  seriously  injured  by  the  white  fly, 
is  in  progress. 

The  prevalence  of  root  maggots  of  various  kinds  during 
the  past  few  years  has  called  attention  to  the  need  of  ;i  more 
thorough  study  of  the  methods  for  controlling  these  insects; 
and  a  series  of  tests  of  these  methods  was  begun  last  spring, 
the  intention  being  to  try  different  treatments  recommended, 
and  obtain  evidence  as  to  their  comparative  value.  For  vari- 
ous reasons,  however,  it  was  impossible  to  complete  these 
experiments  during  the  season,  and  it  is  planned  to  repeal 
them  on  a  larger  scale  next  year. 

The  last  two  summers  have  been  unusually  favorable  for 
the  rapid  increase  and  distribution  of  the  San  Jose  scale. 
This  pest  has  been  in  Massachusetts  for  about  fifteen  years, 
and  in  the  localities  where  it  was  first  introduced  1ms  spread 
in  all  directions  for  some  distance.  New  centers  of  infesta- 
tion, however,  have  been  constantly  established  from  the 
planting  of  infested  stock  of  one  kind  or  another ;  and  while 
five  years  ago  most  of  these  centers  were  already  in  existence, 
the  number  of  scales  at  each  was  so  small  that  their  presence 
was  generally  unsuspected.  It  would  seem  that  during  the 
first  two  or  three  years  in  any  locality  this  scale  spreads  but 
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little,  as  the  plant  it  is  on  furnishes  all  the  food  supply 
needed;  but  as  these  plants  become  thoroughly  covered  with 
the  scales,  the  young  tind  it  more  difficult  to  obtain  their  food 
without  wandering  farther  from  where  they  were  born,  and 
apparently  more  of  them  under  these  conditions  get  upon  the 
feet  of  birds  or  larger  insects  which  alight  where  they  are, 
and  are  thus  carried  away  to  infest  other  parts.  The  result  of 
this  is  a  general  infestation  of  the  region,  following  four  or  five 
years  after  the  local  infestation;  and  it  is  probable  that  this 
condition  of  affairs  was  reached  generally  in  Massachusetts 
about  190-L  Following  this  were  two  summers  extremely 
favorable  for  a  rapid  increase  of  these  pests;  and  we  now 
find  them  in  great  abundance  in  many  places  where  their 
presence  has  not  before  been  suspected,  and  quite  generally 
scattered  through  the  State. 

Whether  this  explanation,  which  naturally  is  more  or  less 
theoretical,  be  correct  or  not,  the  fact  remains  that  the  corre- 
spondence of  this  station  shows  that  the  San  Jose  scale  was 
probably  present  in  one  or  more  somewhat  restricted  areas  in 
nearly  every  town  in  Massachusetts  east  of  the  Connecticut 
River  in  1904;  while  at  the  present  time  it  would  probably 
be  easy  to  find  it  in  a  dozen  places  in  each  of  these  towns, 
and  as  frequently  on  large,  old  trees  as  on  recently  set 
ones. 

Though  this  insect  attacks  a  large  number  of  kinds  of 
plants,  those  of  most  importance  to  man  are  the  fruit  trees 
and  certain  ornamental  trees  and  shrubs;  and  these,  accord- 
ingly, are  the  ones  which  will  receive  attention  in  the  way  of 
treatment.  A  number  of  extensive  studies  in  the  treatment 
of  the  San  Jose  scale  were  begun  at  this  station  in  1902,  at 
which  time  the  conclusion  was  reached  that  the  most  successful 
treatment  was  obtained  by  the  use  of  the  lime  and  sulfur 
mixture.  Farther  experiments  along  this  line  have  been 
made  as  opportunities  offered,  and  the  results  reached  still 
confirm  that  conclusion.  Last  spring  over  eight  hundred 
trees  belonging  to  the  college  were  sprayed  with  a  number 
of  different  preparations,  and  a  study  of  the  results  was  made 
during  the  entire  summer  and  fall.  The  inconvenience  in 
making  the  lime  and  sulfur  mixture,  resulting  from  the  neces- 
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sity  of  boiling  the  materials  for  from  forty  minutes  to  an 
hour,  has  led  to  an  attempt  to  avoid  this  by  adding  materials 
which  would  continue  the  boiling  begun  by  the  slaking  of 
the  lime  for  a  sufficient  length  of  time  to  obtain  the  desired 
chemical  combinations.  Several  of  these  "  self-boiling  mix- 
tures "  were  tested  last  spring,  but  none  of  them  gave  as  good 
results  as  the  lime  and  sulfur  mixture  prepared  in  the  usual 
way.  Perhaps  the  best  of  these  "  self -boiling  mixtures  "  was 
that  obtained  by  a  mixture  of  20  pounds  of  lime,  14  pounds 
of  sulfur  and  10  pounds  of  sal-soda  in  40  gallons  of  water. 
Similar  combinations,  substituting  sodic  sulfid  or  caustic 
soda  for  the  sal-soda,  were  more  expensive  and  gave  less  satis- 
factory results. 

The  Derror  tree  fluid  was  also  tested  in  the  course  of  these 
experiments,  but  so  far  as  could  be  observed  failed  to  be  of 
the  slightest  benefit  in  any  case. 

The  K.  L.  mixture,  which  has  been  recommended  by  the 
Delaware  Experiment  Station,  also  gave  unsatisfactory  re- 
sults, besides  being  quite  expensive. 

The  Rex  lime-sulfur  solution  was  applied  in  four  different 
ways,  in  accordance  with  the  suggestions  of  the  manu- 
facturers, but  none  of  the  four  gave  satisfactory  results, 
although  a  small  proportion  of  the  scales  was  killed. 

Scalecide,  applied  at  the  rate  of  1  gallon  to  22  gallons  of 
water,  proved  to  be  something  of  an  insecticide,  killing  many 
of  the  scales;  but  applied  with  the  same  apparatus,  by  the 
same  men  and  on  the  same  day,  as  the  ordinary  lime  and 
sulfur  mixture,  it  failed  to  give  anything  like  as  good  results. 
From  reports  which  have  been  received,  however,  from  other 
places,  it  is  probable  that  this  material,  used  at  greater 
strength,  in  two  applications  and  under  great  pressure  in  the 
pump,  may  prove  quite  effective^. 

Observations  for  determining  dates  of  appearance  of  the 
young  of  the  oyster-shell  and  scurfy  scale  have  been  continued, 
and  the  same  observations  have  been  made  for  the  white  pine 
scale,  as  upon  the  time  when  the  young  appear  entirely 
depends  the  time  at  which  successful  treatment  can  be  given. 

The  raising  of  cranberries  in  Massachusetts  is  a  very  im- 
portant industry,  in  which  a  large  amount  of  capital  is 
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invested,  and  the  annual  value  of  the  product  is  over  a  million 
dollars.  The  cranberry  plant  has  a  number  of  serious  insect 
enemies,  and  fifteen  years  ago  the  subject  of  cranberry  insects 
was  given  much  attention  at  this  station,  and  the  results 
obtained  at  that  time  were  published.  Farther  study  on  the 
subject  has  been  greatly  needed,  but  it  was  impossible  to 
make  these  anywhere  except  on  the  bogs  themselves,  and 
until  the  present  year  arrangements  for  this  could  not  be 
made.  Last  spring,  however,  it  was  found  possible  to  again 
take  up  the  study  of  cranberry  insects  under  the  local  condi- 
tions found  on  the  bogs,  and  an  investigator  spent  five  months 
in  continuous  study  of  these  insects  on  the  bogs  around  Ware- 
ham.  Many  of  the  problems  connected  with  the  control  of 
cranberry  pests  have  been  solved,  as  a  result  of  this  investiga- 
tion ;  but  many  new  problems  have  appeared  in  the  course  of 
the  work,  which  make  it  desirable  to  continue  the  study 
farther,  and  it  is  the  present  intention  to  have  an  investigator 
spend  six  months  at  least  during  the  coming  year  in  con- 
tinuing the  observations  begun  last  summer.  That  the  results 
thus  far  have  been  so  satisfactory  is  due  in  a  great  measure 
to  the  hearty  co-operation  in  the  work  given  by  the  Cape  Cod 
Cranberry  Growers'  Association,  and  of  many  individuals 
connected  therewith. 

During  the  latter  part  of  last  winter  some  very  remarkable 
cocoons  found  in  Dorchester  were  sent  to  this  division  by  the 
Gypsy  Moth  Commission,  and  were  found  to  be  the  cocoons 
of  some  foreign  insect.  Subsequently  the  moths  which 
emerged  from  them  were  identified  as  being  native  in  China 
and  Japan,  and  concerning  which  very  little  appears  to  be 
known.  The  possibility  that  this  insect  may  become  a  pest 
in  this  country  is  so  great  that  it  has  seemed  wise  to  thoroughly 
investigate  its  present  distribution,  abundance,  probable  means 
by  which  it  reached  this  country,  and  all  that  is  already 
known  of  it,  and  this  work  has  taken  much  of  the  time  during 
the  last  two  months  of  this  year.  Apparently  this  insect, 
which  may  for  convenience  be  designated  the  Oriental  moth, 
has  been  in  this  country  for  six  or  seven  years,  and  it  is  at 
least  possible  that  it  was  introduced  on  nursery  stock  imported 
from  Japan.    It  has  now  spread  over  a  considerable  territory 


204 


EXPERIMENT  STATION. 


[Jan. 


in  Dorchester,  where  it  is  quite  abundant.  The  caterpillar 
feeds  upon  the  leaves  of  a  large  number  of  our  more  common 
fruit  and  shade  trees.  While  it  is  yet  too  soon  to  determine 
whether  it  will  become  a  serious  pest,  the  experience  this 
State  has  had  with  the  gypsy  and  brown-tail  moths  has  been 
of  such  a  nature  that  it  is  the  part  of  wisdom  to  investigate 
all  such  importations  as  this,  and  be  at  least  prepared  for  the 
worst.  The  insect  has  already  shown  that  it  can  live  in  our 
climate,  that  it  can  become  quite  abundant,  and  that  it  has 
few  if  any  enemies.  At  the  present  time  in  Asia  it  is  presenl 
over  twenty  degrees  of  latitude,  corresponding  to  the  distance 
from  Florida  to  Labrador  in  this  country.  A  bulletin  giving 
all  the  information  thus  far  obtainable  about  this  insect  lias 
already  been  issued,  and  further  studies  of  it  will  be  made 
the  coming  year. 

The  other  subjects  outlined  in  this  report  have  taken  so 
much  time  that  little  has  been  done  along  the  line  of  special 
research,  only  one  paper  having  been  published,  though  sev- 
eral topics  are  now  in  hand,  and  the  work  on  them  occupies 
the  few  odd  minutes  not  taken  by  other  duties. 

Insects  of  the  Year. 
The  insects  which  have  caused  much  loss  in  as-achusetts 
during  190G,  as  indicated  by  the  correspondence  of  the  station 
and  also  by  personal  observation,  have  been  of  many  kinds. 
The  condition  of  this  State  as  regards  the  San  Jose  scale 
has  already  been  described,  and  the  correspondence  about  this 
pest  has  been  very  great  in  amount.  In  connection  with  this, 
the  oyster-shell  scale,  the  scurfy  scale,  the  rose  scale,  the 
white  pine  scale  and  several  kinds  of  Lecaniums  have  re- 
quired a  considerable  amount  of  attention.  Many  letters  with 
reference  to  the  gypsy  moth  and  brown-tail  moth  have  also 
been  received,  and  have  either  been  answered  from  here,  or 
the  writers  retered  to  the  Gypsy  Moth  Commission,  which 
now  has  charge  of  the  work  of  controlling  these  insects.  The 
elm-leaf  beetle  is  gradually  becoming  more  abundant,  and 
has  again  reached  the  point  where  its  numbers  are  sufficient 
to  greatly  injure4  the  appearance  of  our  elms.  During  the 
spring  months  an  unusual  abundance  of  the  spiny  elm  cater- 
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pillars  was  noticed,  and  in  some  places  they  seriously  injured 
the  appearance  of  the  trees.  Plant  lioe  of  various  kinds  were 
also  much  in  evidence;  and  many  specimens  of  tussock  moths, 
particularly  the  old  tussock  moth,  were  sent  to  the  station  for 
identification.  Many  inquiries  about  cutworms  were  re- 
ceived, but  the  correspondence  on  this  topic  was  less  than 
during  the  two  years  preceding;  while  inquiries  about  wire 
worms  and  the  best  treatment  for  them  were  more  abundant 
than  usual.  In  greenhouses  the  white  fly  is  a  serious  pest, 
causing  the  loss  of  thousands  of  dollars,  and  much  corre- 
spondence; while  thrips,  which  was  so  much  in  evidence  a 
few  years  ago,  was  inquired  about  but  twice.  The  asparagus 
root  miner,  an  insect  not  hitherto  reported  in  this  State,  has 
made  its  appearance  in  several  places  in  sufficient  abundance 
to  cause  considerable  injury.  But  little  is  known  of  the  life 
history  of  this  insect,  and  further  investigations  upon  it  are 
planned  for  the  coming  season. 

As  a  whole,  the  important  insects  this  year  have  been  of 
so  many  different  kinds  that  it  has  been  impossible  to  give  to 
most  of  them  the  uninterrupted  attention  which  is  needed, 
even  for  our  tmost  abundant  forms,  in  order  to  test  the  best 
methods  of  control.  There  is  no  insect  known  about  which 
more  information  would  not  be  of  assistance  in  leading  to 
the  discovery  of  better  remedies  than  we  now  have;  and  it 
is  most  desirable  that  the  insects  causing  the  most  loss  in 
any  year  shall  be  carefully  studied  at  the  time,  in  the  hope  of 
finding  better  methods  of  control.  Such  conditions  as  have 
prevailed  during  the  past  season,  therefore,  where  work  of 
this  kind  has  been  almost  impossible  on  account  of  so  many 
calls  for  information  in  different  directions,  produce  a  year 
which  must  be  considered  as  more  or  less  unsatisfactory  in  the 
way  of  results ;  and  this  was  certainly  the  case  in  1906. 
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VETERINARY  DEPARTMENT. 


This  newly  organized  department  of  the  station  has  been 
in  operation  since  July  1  of  the  present  year.  Previous  to 
this  the  veterinary  work  in  the  station  has  been  attended  to 
by  the  veterinary  department  of  the  college. 

Each  year  for  the  past  fifteen  years  there  has  been  an 
increasing  demand  from  the  stock  owners  of  the  State  for 
information  concerning  veterinary  subjects.  This  demand 
has  come  to  the  station  in  the  form  of  requests  for  lectures  and 
publications,  and  correspondence  relative  to  animal  diseases, 
or  to  the  nature  of  material  sent  for  examination.  The  speci- 
mens that  have  been  received  have  come  from  various  parts 
of  the  State,  and  have  consisted  of  diseased  tissues  of  the 
larger  animals,  or  in  some  instances  the  cadavers  of  the  smaller 
farm  animals;  and  in  some  cases  the  products  of  the  ani- 
mals, such  as  milk,  eggs,  etc.  This  material  has  been  sub- 
jected to  a  close  examination,  oftentimes  a  microscopical  study 
and  bacteriological  examination,  requiring  a  large  amount  of 
time  and  labor  to  complete  it.  Living  animals  sent  for  study 
and  examination  have  been  kept  under  observation  in  the 
hospital,  where  experiments  have  been  conducted  to  obtain 
definite  information  regarding  the  nature  of  the  particular 
affection,  as  regards  cause,  effects,  contagiousness  and  other 
closely  related  matters.  Upon  the  completion  of  the  work 
written  reports  have  been  sent  to  those  from  whom  the 
specimens  have  come,  advising  them  of  the- nature,  cause, 
treatment  or  prevention  of  the  particular  affection. 

On  several  occasions  visits  have  been  made  to  farms  in 
different  parts  of  the  State,  to  investigate  outbreaks  of  disease 
of  a  character  peculiar  either  on  account  of  the  circumstances 
under  which  the  disease  made  its  appearance,  the  form  it 
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assumed,  or  the  peculiarity  of  the  symptoms  accompanying 
its  development.  Experiments  conducted  at  the  station,  and 
on' the  farm  in  conjunction  with  the  owners  of  the  animals, 
have  in  several  instances  been  fruitful  of  most  favorable 
results,  either  in  arresting  the  progress  of  the  disease  or  in 
preventing  its  recurrence. 
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REPORT  OF  THE  HORTICULTURIST. 


F.  A.  WAUGH. 


Outline  of  Work. 

The  work  of  the  department  of  horticulture  continues  on 
the  lines  laid  down  several  years  ago,  and  set  forth  in  previous 
reports  of  this  station.  The  principal  experiments  under- 
taken deal  with  problems  in  the  propagation  of  fruit  trees, 
in  pruning,  and  in  the  systematic  study  of  varieties  of  fruits. 
These  all  require  a  considerable  number  of  years  to  secure 
definite  results,  and  no  report  on  these  experiments  would  be 
justified  at  this  early  date. 

Incidental  to  other  work,  a  few  experiments  of  minor  im- 
portance have  been  underway,  such  as  cross-grafting  herba- 
ceous plants,  test  of  varieties  of  strawberries,  details  of 
certain  methods  in  market-garden  practice,  some  study  of 
thermo-physiological  constants,  the  practical  application  of  di- 
gesting fluids  in  the  germination  of  seeds,  the  growing  of 
mushrooms,  etc.  A  short  report  on  the  experiment  last  men- 
tioned is  appended  herewith. 

Notes  on  Mushroom  Culture. 
Opportunity  has  offered  during  the  last  two  years  to  make 
several  practical  experiments  in  mushroom  culture.  The 
principal  matter  at  issue,  aside  from  a  demonstration  of 
methods,  was  the  comparative  value  of  the  new  pure-culture 
spawn.  Several  commercial  varieties  of  these  so-called  tissue 
or  pure-culture  spawn  were  tested  and  compared,  and  com- 
parison was  made  with  the  common  commercial  English  spawn 
and  with  the  French  spawn.  The  results  are  summarized 
below. 
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Mushrooms  were  grown  under  the  ordinary  conditions.  Xo 
special  houses  were  provided.  For  the  most  part,  beds  were 
made  up  under  greenhouse  benches  in  a  house  used  for  bod- 
ing out  stock.  In  one  instance  beds  were  made  in  an  unused 
cellar.  This  work  w  as  under  the  direct  charge  of  Mr.  Francis 
Canning,  head  gardener. 

As  has  been  said,  the  usual  methods  were  followed.  For 
instance,  in  the  fall  of  190-1  a  bed  was  made  up,  November 
19.  This  was  spawned  November  30  with  common  English 
spawn  and  with  a  few  varieties  of  pure-culture  spawn.  The 
first  picking  was  made  on  January  G.  The  entire  crop  from 
a  bed  of  75  square  feet  was  something  over  50  pounds.  This 
amount  was  sold  for  an  average  of  35  cents  a  pound,  bringing 
a  total  of  a  trifle  over  $17.50.  This  gives  an  average  return 
of  approximately  24  cents  per  square  foot.  Part  of  this  crop 
was  sold  locally  in  quart  strawberry  boxes,  which  will  hold 
one  pound  of  mushrooms  when  heaping  full.  A  considerable 
amount  of  the  crop  was  shipped  to  Boston,  selling  from  40 
to  50  cents  a  pound,  yielding  a  net  average  of  33  cents  a 
pound. 

In  the  fall  of  1905  the  experiment  was  renewed,  greater 
care  being  taken  to  equalize  all  conditions,  and  to  give  a  fair 
test  on  the  comparative  value  of  varieties  used.  Five  pure- 
culture  varieties  were  included  in  this  planting,  as  follows : 
Alaska,  Columbia,  Bohemia,  Galloway  and  Agaricus  arvensis 
(this  last  is  the  variety  now  called  Eureka).  In  separate 
sections  of  the  same  bed  the  common  English  and  the  French 
spawns  were  included.  The  following  table  shows  the  results 
of  this  experiment.  The  time  of  first  picking  is  indicated, 
and  of  the  last  picking,  thus  showing  the  length  of  season. 
The  total  weight  is  given,  and  dates  are  added  to  indicate 
at  what  time  of  the  season  the  beds  were  most  productive.  In 
the  last  column  is  shown  the  number  of  pounds  produced  by 
each  bed  during  its  most  productive  week. 


210 


EXPERIMENT  STATION. 


[Jan. 


© 

| 

6 


ill 


-spg  a  § 


I  1 


bo 

31 


s 


o    o  o 

Add 

o  o  u 
S     t-  u 

sj      oj  cS 


«T    «     W5  oc 


O     6     a>     «     9     9  o 
Q    ft    ft    O    £  h 


8  8  § 


o  o 


o  o 


o  o 


a  $  § 
<  o  o 


4  4 


1907.]        PUBLIC  DOCUMENT  — No.  33.  211 


It  will  be  seen  that  the  pure-culture  varieties  gave  much 
larger  yields  than  either  the  English  or  the  French  spawn. 
While  this  difference  is  very  great  in  this  experiment,  in- 
dicating probably  an  inferior  grade  of  English  and  French 
spawn,  all  our  experiments  have  shown  a  similar  advantage 
for  the  pure-culture  varieties.  Indeed,  it  seems  to  be  one  of 
the  chief  advantages  of  the  new  method  of  growing  mush- 
room spawn  from  pure  culture  that  it  nearly  always  gives 
fresher  and  more  vigorous  spawn.  The  product  is  nearly 
always  more  uniform,  and  of  higher  quality;  but,  while  this 
advantage  is  important,  it  is  not  so  great  as  the  one  already 
mentioned. 

A  comparison  of  the  different  varieties  shows  that  Eureka 
(Agaricus  arvensis)  leads  all  the  others  in  productivity, 
Alaska  coining  second.  This  has  been  the  result  in  all  the 
experiments  in  which  these  varieties  have  been  tested. 
Eureka  is  darker  colored  than  any  of  the  other  varieties, 
and  sometimes  not  quite  so  well  shaped;  nevertheless,  it  is 
solid  and  heavy,  and  of  fairly  good  quality  when  cooked. 
Galloway  is  a  white,  small,  delicate  variety,  the  best  of  all  for 
eating,  but  not  sufficiently  productive  to  pay  the  grower. 

The  following  conclusions  may  fairly  be  drawn  from  the 
experiments :  — 

1.  Pure-culture  spawn  is  as  a  rule  very  much  better  than 
either  English  or  French  spawn. 

2.  There  are  important  points  of  difference  between  the 
commercial  pure-culture  varieties;  these  differences  consist 
in  color,  flavor,  form,  and  above  all  else  in  productivity. 

3.  The  most  productive  variety  thus  far  tested  is  Eureka. 
Several  other  varieties  are  promising. 

As  a  general  result  of  our  experience,  it  may  be  said  that 
mushrooms  can  often  be  grown  profitably  as  a  catch-crop  in 
cellars  or  under  greenhouse  benches  where  conditions  are 
favorable.  The  most  important  favorable  condition  to  be  con- 
sidered is  a  cheap  and  reliable  supply  of  fresh  horse  manure. 
It  is  quite  plain,  however,  from  our  experience,  that  the 
stories  of  sudden  wealth  accumulating  from  mushroom-grow- 
ing are  mostly  fictitious. 
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